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SECTION 1

Introduction

This document presents Revision 4 of a Focused Feasibility Study (FFS) for Plume 2 at PCB Areas Operable Unit
(PCB OU) Site 33 at the Crab Orchard National Wildlife Refuge (CONWR). CONWR is located in southern lllinois,
approximately 5 miles west of Marion in Williamson County (Figure 1-1). The refuge covers approximately
43,000 acres and is centered on Crab Orchard Lake. The western portion of the refuge is a recreational area, and
the eastern portion is a wildlife sanctuary generally closed to the public. The land around the eastern portion of
Crab Orchard Lake is used for agricultural and industrial purposes. Plume 2 is located in the industrial area south
of Crab Orchard Lake near Buildings I-1-2 and I-1-3 (Figure 1-2).

1.1 Purpose and Approach

The purpose of Revision 4 of the FFS is to evaluate current alternatives for Plume 2 groundwater remediation.
Selection and the development of the alternatives presented herein represent the culmination of decades of
study at this site. The report is not intended to repeat information provided in previous documents. This report
uses historical and new site data along with knowledge obtained from site studies and experiences with remedy
implementation at Plumes 1 and 3 to aide in the selection of a groundwater remedy for Plume 2. The following
approach was used to evaluate remedial alternatives:

e Review of existing site data and alternatives developed in previous feasibility studies, with emphasis on
studies on the potential effectiveness of remedial alternatives

e Collection of additional site data as part of a supplemental site investigation to confirm or update the
conceptual site model (CSM)

o Refinement of the areal extent and characteristics of the plume and the source area

e Development of a comprehensive groundwater model using available data for use in development and
evaluation of remedial alternatives

e Determination of the optimum treatment zone based on the ability of the remedial approaches to affect the
remedial treatment timeframe

e Evaluation of various alternatives for that treatment zone and incorporation of other elements necessary to
protect human health and the environment as appropriate

1.2 Background

CONWR was placed on the National Priorities List in July 1987. The PCB OU contains four of the original study sites
as defined in the remedial investigation of the CONWR Superfund Site. Two of the sites, Site 32 (Area 9 Landfill)
and Site 33 (Area 9 Building Complex [Plumes 1, 2, and 3]), have been the focus of previous FFS documents and
studies. Plume 2 of Site 33 is the focus of this FFS. A brief history of activities at Plume 2 is provided in Table 1-1.

TABLE 1-1
Site 33 Previous Investigations and Remedial Actions
Focused Feasibility Study for Plume 2 at PCB OU Site 33, Crab Orchard National Wildlife Refuge, Marion, lllinois

Investigation or Action Date Description
Record of Decision (ROD) for 1990 The Selected Remedy for the PCB OU included the following:
PCB OU issued e  Excavation and treatment of polychlorinated biphenyl (PCB) contaminated soil and
(USEPA 1990a) sediment

e  Onsite disposal of non-Resource Conservation and Recovery Act (RCRA) hazardous
stabilized/fixed material in a Subtitle D landfill

e Backfilling and placement of low-permeability caps and closure of areas where

ES010612182500MKE 1-1
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TABLE 1-1

Site 33 Previous Investigations and Remedial Actions
Focused Feasibility Study for Plume 2 at PCB OU Site 33, Crab Orchard National Wildlife Refuge, Marion, lllinois

Investigation or Action

Date

Description

Consent Decree executed
(USEPA 1991)

PCB Soil/Sediment Removal
Action and Groundwater
Characterization

Groundwater Investigation
Report and FFS Revisions 0 and 1
(RMT 2000)

Explanation of Significant
Differences

(USEPA 2000)

Pre-Design Investigation and
Reporting

(RMT, 20014, 2001b, 2001c,
2001d)

1-2

1992

1995-1998

1999-2000

2000

2000-2001

contamination is below excavation criteria

e  Environmental monitoring and maintenance during and after construction to ensure
effectiveness of the remedial action

The Consent Decree executed by U.S. Environmental Protection Agency (USEPA) and
Schlumberger Industries, Inc., includes a scope of work for remedial design and action for
the PCB OU. The scope of work specifies cleanup standards for PCB OU soil, sediment,
groundwater, and surface water. The cleanup standards are based on risk assessments
presented in the remedial investigation report (O’Brien & Gere 1988).

During the PCB removal action, three excavated PCB source areas were further
investigated at Sites 32 and 33, and volatile organic compounds (VOCs) were detected in
groundwater. Additional groundwater characterization was performed in the third
quarter of 1997. Results of this characterization indicated that three VOC plumes were
present in the shallow aquifer (Plumes 1 through 3). Additional groundwater
characterization was performed during the summer of 1998 to further delineate
contaminant nature and extent in groundwater. Confirmatory investigation samples were
collected from monitoring wells in December 1998.

Groundwater investigations identified five separate source areas for the three previously
identified VOC plumes in groundwater. Chlorinated VOCs (cVOCs) were the primary
contaminants detected in groundwater, with trichloroethene (TCE) being the most
prevalent. The vertical extent of VOCs in groundwater was primarily limited to the upper
clay and upper sand layers.

The FFS evaluated the following technologies for Sites 32/33:
No Action

Monitored natural attenuation

Phytoremediation

Enhanced in situ bioremediation

moonw>»

Multiple-phase extraction (MPE)
F.  Insitu physical/thermal removal

A pilot test was conducted to evaluate dual-phase extraction, air sparge, and soil vapor
extraction technologies. The pilot test concluded that these technologies alone were not
feasible to remediate VOCs in groundwater. These technologies may be feasible when
combined with another remedy.

An Explanation of Significant Differences (ESD) issued for the PCB OU specified the
selected remedy to remove the TCE source in soil and mitigate further degradation of
groundwater associated with Sites 32 and 33. The selected remedy consisted of installing
MPE wells in each VOC source area, phytoremediation along the furthest downgradient
extent of the VOC groundwater plume, and MNA.

The pre-design investigation included the collection of soil samples from previously
identified VOC source areas to better define source area nature and extent. Several
monitoring wells were also installed and sampled. A pilot test was conducted to assess
the efficiency of a MPE system.

The investigation results indicated that the extent of the VOC source areas and mass was
significantly greater than previously estimated. The pilot test indicated that MPE would
be less effective in the upper clay than previously assumed at the time of the ESD.

Investigation data and design plans from pre-design investigation were presented in the
Preliminary Design Report for the Groundwater Remedial Action (Revision 0) (RMT 2001a).
The following three addendums were prepared to support requests for additional
information from U.S. Fish and Wildlife Service (USFWS) to support evaluation of the
preliminary design:

Addendum 1 (RMT 2001b)—Modified to present the VOC mass present in each of the
primary source areas and VOC mass removal expected using MPE.

ES010612182500MKE
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TABLE 1-1

Site 33 Previous Investigations and Remedial Actions
Focused Feasibility Study for Plume 2 at PCB OU Site 33, Crab Orchard National Wildlife Refuge, Marion, lllinois

Investigation or Action Date Description

Addendum 2 (RMT 2001c)—Modified to present changes to source area treatment

system design, provide simulations of effect over time of the proposed modifications on

the downgradient plumes, and consider alternative technologies for application at

Building I-1-2 and I-1-3 (Plume 2). The following alternate technologies were considered:

e VOC source area in situ treatment: In Situ Oxidative Technologies, Ferox, Hydrogen
Release Compound

e VOC plume cutoff and in situ treatment: permeable reactive barrier with zero valent
iron (ZVI), In Situ Oxidative Technologies, Hydrogen Release Compound

Permeable reactive barrier with monitored natural attenuation was recommended for

Buildings I-1-2 and I-1-3 (Plume 2).

Addendum 3 (RMT 2001d)—During discussion of Addendum 3, the difficulties in

achieving desired level of effectiveness using MPE were acknowledged and considered

significant enough to warrant re-evaluation of remedial alternatives for VOC source areas.

All parties acknowledged that alternative re-evaluation should be documented in a

revision of the FFS report. A new decision document issued by USEPA would be required

following remedy selection.

Technical Supplement for 2002 Provided the following information:

Groundwater Remedial
Alternatives

(RMT 2002)

FFS Revision 2 2003
(RMT 2003a)

FFS Revision 3 2003
(RMT 2004)

ROD amendment 2007

issued(USEPA 2007)

ES010612182500MKE

e Description of and details for specific remedial alternatives for each primary VOC
source area

e Cost estimates for the remedial alternatives
e Screening and comparative analysis of the alternatives

The FFS Revision 2 included revised remedial alternatives as described in a January 2003
Draft Summary of Final Revised Remedy Modlifications for Sites 32/33 (RMT, 2003b). The
FFS Revision 2 also accounted for modifications made to the alternatives to address
USEPA comments from March 2003 and alternatives subsequently developed by
Schlumberger and USFWS.

The FFS Revision 3 included an updated review of remedial alternatives. Specifically, the
following alternatives were evaluated for Plume 2:

A. Limited Excavation (Building I-1-3) and MPE with Pneumatic Fracturing
B. Permeable Reactive Barrier

C. Alternate Concentration Limits (ACLs)

D

Excavation (within 10 milligram per kilogram [mg/kg] VOC contour, to 10 feet depth)
and ACLs

E. Excavation (within 10 mg/kg VOC contour, to 10 feet depth), In Situ Reductive
Dechlorination with Pneumatic Fracturing, and ACLs

F.  Electrical Resistive Heating

Alternative F was selected as preferred method for Plume 2. Key stakeholders including the
U.S. Department of Interior (DOI) and its tenant, General Dynamics Ordinance and Tactical
Systems (GDOTS), expressed safety concerns with the proposed remedy. USEPA deferred a
remedy for Plume 2 and issued a Record of Decision (ROD) to address two of the VOC
source areas and associated groundwater plumes at Sites 32/33 (Plumes 1 and 3).

The ROD amendment modified the previously selected remedy for cVOC-contaminated
groundwater at Plumes 1 and 3 that were documented in the 1990 ROD and ESD. The
ROD amendment does not affect the soils remedy and other requirements specified in
the 1990 ROD. The ROD amendment does not include the remedy for Plume 2, but
restates the remediation goals for Plumes 1, 2, and 3 that were defined in the 1990 ROD.
The Plume 2 remedy was deferred to a separate ROD amendment after DOI’s safety
concerns were satisfied.
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TABLE 1-1
Site 33 Previous Investigations and Remedial Actions
Focused Feasibility Study for Plume 2 at PCB OU Site 33, Crab Orchard National Wildlife Refuge, Marion, lllinois

Investigation or Action Date Description
Environmental Land Use 2008 Implements a ban on all production wells, residential use, and camping within the area of
Control Plan for CONWR the former lllinois Ordnance Plant (IOP) (Figure 1-1). In addition to IOP-wide land use
(USFWS 2008) controls (LUCs), the following LUCs were implemented for Sites 32/33:

e  Limit access to personnel who need to use the site by restricting access to limit
exposure to cVOC contamination and remaining PCB contamination. Restriction will
remain in effect at least until all remediation is complete.

e  Site-specific personal protective equipment guidelines.
e  Prohibit digging or earthmoving on the repository.

Soil Removal Actions to 2009 Shallow soil was excavated from PCB hot spot areas identified by USFWS during

Address USEPA Five-Year preparation of the second 5-year review report for the PCB OU. One of these areas
Review Recommendations included excavation of approximately 3-acres to depths up to 6 feet below ground surface
(RMT 2010) (bgs) east of Building I-1-3 and northeast of Building I-1-2.

First Amendment to Consent 2012 Court-ordered settlement documenting the agreement between USEPA and

Decree Schlumberger Industries to amend the 1990 ROD. The ROD Amendment (USEPA 2007) is
(USEPA 2012) incorporated into the first amendment of the consent decree.

1.3 Site-specific Changes since FFS Revision 3

Section 1.3 describes the changes that have occurred related to the site since FFS Revision 3 that impact decision
making related to remedial alternatives for Plume 2.

1.3.1 ROD Amendment

The May 2007 ROD Amendment to the 1990 ROD modified the previously selected remedy for cvVOC
contaminated groundwater at Plumes 1 and 3 that were documented in the 1990 ROD and ESD. The ROD
amendment does not affect the soils remedy and other requirements specified in the 1990 ROD. The ROD
amendment also does not include the remedy for Plume 2, but re-states the remediation goals for Plumes 1, 2,
and 3 that were defined in the 1990 ROD. The Plume 2 remedy was deferred to a separate ROD amendment that
will be completed after DOI’s safety concerns have been satisfied.

The ROD amendment documented that periodic air monitoring inside nearby buildings currently used by GDOTS
and indoor air samples collected by Schlumberger at Buildings I-1-2 and I-1-3 have shown that concentrations of
VOCs inside these buildings are within permissible environmental exposure standards adopted by Occupational
Safety and Health Standards.

1.3.2 Land Use Control Implementation

In the ESD (USEPA 2000), USEPA recognized that restrictions upon groundwater use must be imposed, and that it
will be at least several decades before the TCE contamination is reduced to levels that meet the cleanup standards
specified in the ROD. Alternatives presented in FFS Revision 3 included a common component of institutional
controls, in the form of a pending land use control plan for CONWR being prepared by USFWS, which would formally
preclude the potable use of groundwater from the aquifers beneath Sites 32/33 within the VOC plume areas.

In 2008, LUCs were implemented to prohibit production wells, residential land use, and camping within the IOP
boundary shown on Figure 1-1 (USFWS 2008). The IOP boundary encompasses Plume 2 and roughly at least a
quarter of a mile beyond Plume 2 in each direction. Therefore, the groundwater restrictions USEPA identified in
the ESD as necessary to impose as part of the remedy has already been implemented. The groundwater
restrictions eliminate the drinking water pathway for Plume 2 groundwater as well as the potential for other
exposures to groundwater since its use for agricultural, industrial, and commercial purposes is prohibited. The
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residential land use restriction eliminates potential future residential risks to soil exposures. Therefore, soil
exposure risks are limited to potential exposures to non-residential workers and construction workers.

1.3.3 2009 PCB Contaminated Soil Removal Action

Shallow soil was excavated over an approximate 3-acre area to depths up to 6 feet bgs east of Building I-1-3 and
northeast of Building I-1-2 to remove PCBs from this hot spot area identified by USFWS during preparation of the
second 5-year review report for the PCB OU (RMT 2010). The excavation areas also removed VOC-contaminated
shallow soil.

Soil risks associated with VOC contamination are limited to potential exposures to non-residential workers and
construction workers since residential land use and camping is prohibited. Soil concentrations a non-residential
worker would be exposed to include the 0 to 2 foot soil interval and soil concentrations a construction worker
would be exposed to include the 0 to 10 foot soil interval. The regional screening levels for TCE in industrial soil
are 6.4 mg/kg for cancer risks and 20 mg/kg for noncancer health effects (USEPA 2011b). Soil concentrations that
remain within the 0 to 10 foot interval after the removal action are below the regional screening levels for cancer
and noncancer health effects for potential receptors. Figure 4-8 of Appendix A shows the extent of the 2009
excavation and shallow soil concentrations. Other soil VOC concentrations that remain within the 0 to 10 foot
interval after the removal action are also below the regional screening levels for cancer and noncancer health
effects for potential receptors.

Although it was not part of the investigation objectives, PCB samples were collected at select locations and depth
intervals below 1 foot bgs during the supplemental site characterization investigation conducted in 2011 at the
request of USEPA. Results showed no contamination was present above the USEPA-approved at-depth site soil
criterion of 25 mg/kg total PCBs.

1.3.4 Supplemental Site Characterization Investigation

In September and October 2011, a supplemental site characterization investigation was performed to collect data
to confirm or update the CSM related to VOCs present in soil and groundwater associated with Plume 2. The
results of this investigation were used to support development and evaluation of the remedial alternatives
presented in this FFS. Section 1.3.4 summarizes the investigation objectives, investigation findings, and an
updated CSM. The supplemental site characterization investigation report, which provides more detail on the
investigation activities and findings, is presented in Appendix A.

1.3.4.1 Investigation Objectives
The objectives established to meet the purpose of the investigation are as follows:

e Update VOC groundwater data for Plume 2 by sampling existing monitoring wells within the vicinity of Plume 2.

e  Further investigate VOC contamination in groundwater in the Plume 2 source areas by collecting groundwater
grab samples to evaluate contaminant transport through the hydrostratigraphic units.

e |dentify the current characteristics of specific monitored natural attenuation and water quality parameters
within Plume 2 to develop and evaluate remedial alternatives.

e Confirm groundwater flow characteristics by collecting groundwater levels from existing groundwater
monitoring wells and piezometers and surface water levels from existing staff gauges.

e Further characterize the subsurface lithology and VOC concentrations in soil at potential source areas.

1.3.4.2 Investigation Findings

The supplemental site characterization investigation met the objectives defined in the work plan (CH2M HILL
2011). Data collected during the investigation changes certain aspects of the CSM presented in the Groundwater
Investigation Report and Focused Feasibility Study, Revision 1 (RMT 2000) and analysis provided in the Preliminary
Design Report (RMT 2001a). The data collected during the supplemental site characterization investigation
provides the additional information needed to move forward with the selection of a remedial alternative for
Plume 2.

ES010612182500MKE 1-5
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1.3.4.3 Updated CSM

The CSM presented in the Groundwater Investigation and Focused Feasibility Study Revision 1 (RMT 2000) and
analysis provided in the Preliminary Design Report (RMT 2001) provides the following understanding of Plume 2:

e Shallow groundwater flow is generally towards Crab Orchard Lake, with discharge zones into swales and
surface water bodies. The swales are typically dry except during wet weather events.

e Within the site area, downward hydraulic gradients indicate groundwater flow occurs primarily from the
Upper Clay unit to the Upper Sand unit.

e The permeable Upper Sand unit is a primary pathway for lateral contaminant migration in groundwater.
e  Soil results indicate that horizontal transport of contaminants is occurring in the Upper Clay and Upper Sand units.

e The Lower Clay unit retards horizontal and vertical migration of VOCs at depth near Building I-1-2, and
contamination has moved downward within the Lower Clay near Building I-1-3.

e The presence of TCE daughter products within the upper strata indicates biodegradation is occurring, and
data from the investigation suggests the rate of biodegradation is slow.

The supplemental site characterization investigation confirms the basic tenets of the original CSM, and provides
the following additional insight into contaminant transport:

e The supplemental site characterization investigation confirmed the presence of a complex lithology within the
study area, beyond the identification of larger stratigraphic units (for example, Upper Clay unit, etc.), that are
likely to be influencing contaminant flow within the system, including the absence of a Lower Sand unit near
Building I-1-2, and the presence and discontinuous nature of laminations/strata of variable permeability
within the major units identified at the site, that are likely to have an influence on contaminant fate and
transport. Such variation is entirely consistent with the glacial depositional environment present at the site.

e While the area of shallow contamination was obscured by historic excavation activities, contamination has
migrated both laterally and vertically within the Upper Clay unit and from the Upper Clay unit into the Upper
Sand unit.

e Contamination migration is influenced by the higher permeability of the Upper Sand unit, which acts as a
preferential pathway (where it is present).

e Contamination continues to migrate laterally and vertically from the Upper Clay/Upper Sand to the Lower
Clay. Lateral migration in the Lower Clay likely occurs through sand layers or other permeable features (such
as fractures) within the clay matrix.

e Contamination that has migrated through the Lower Clay to the Lower Sand moves preferential through the
Lower Sand in the direction of groundwater flow, which is evident in elevated concentrations observed in the
Lower Sand on both sides of Building I-1-3.

e Lower Sand was not observed near Building I-1-2, but migration of contamination was observed under the
building predominantly in the Upper Sand.

e The highest concentration of TCE detected in groundwater was in the source area, near Building I-1-2. TCE
was detected at a concentration of 1,300,000 pg/L in the Lower Clay unit near the Lower Clay/Sandstone
interface. Sample locations around this location show significantly lower concentrations of TCE.

1.3.5 Groundwater Modeling

Numerical models were developed previously to support the development of feasibility studies focused on the
Plumes 1 and 3 subarea of the industrial area (RMT 2000, 2003a, 2004 and ENVIRON 2010). The models were
updated to include the Plume 2 subarea to support the development of Revision 4 of the FFS. The simulations
focused on potential remedial alternatives associated with the Plume 2 subarea. TCE is the contaminant of
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concern (COC) included in the numerical transport model, because it is the most common COC at the site, is
present at the highest concentrations, and is the primary driver for environmental management of the site.

The groundwater flow model was developed with the MODFLOW-2000 (MF2K) code (Harbaugh et al. 2000) to
solve the groundwater flow equations and establish a set of steady-state groundwater elevations and associated
fluxes. The solute transport model was developed with the MT3DMS code (Zheng and Wang 1999), which was
used in conjunction with MF2K to simulate the transport of TCE beneath the site. The modeling process includes
running MF2K to establish a three-dimensional representation of the groundwater flow system, followed by
running MT3DMS to retrieve the necessary hydraulic results from MF2K and solving the governing solute
transport equations necessary to simulate TCE transport processes. Thus, both MF2K and MT3DMS are required
to simulate solute transport.

The groundwater model was used to determine an appropriate area for active remediation. Superfund guidance
indicates that remediation alternatives should strive to achieve cleanup within 100 years. The model was used to
look at various treatment areas, including an extreme hypothetical scenario that addressed treatment of the
entire plume. As described in detail in Section 3.4 and Appendix B, a target treatment zone that focuses on the
area of highest contaminant concentrations near Building I-1-2 was selected as the best balance between
achieving cleanup and practical implementation of remedies. The groundwater model was used to forecast a
remediation timeframe (RTF) for each of the five remedial alternatives for the target treatment zone that focuses
on the area of highest contaminant concentrations near Building I-1-2. The RTF is defined as the time required
after Calendar Year 2011 for TCE concentrations in groundwater to decrease to below its maximum contaminant
level (MCL) of 5 pg/L, the cleanup objective for groundwater at the site.

RTFs estimated with the latest solute transport model are longer than those estimated with previous solute
transport models of the site. This is because the latest version of the solute transport model was updated to more
accurately account for the latest understanding of the three-dimensional distribution of TCE in the subsurface and
utilizes a more modern transport formulation that considers a wider range of subsurface transport processes. The
latest version of the model includes the supplemental site characterization data, which indicate higher
concentrations of TCE in deeper hydrostratigraphic units than previously considered. As described in Section 3.4
and Appendix B, treatment of the source area indicative of nonaqueous phase liquid (NAPL) would provide a
significant benefit to remedy performance as compared to passive treatment alternatives. However, no additional
benefit to remedy performance would arise from selection of a larger target treatment zone. Therefore,
Appendix B does not include RTFs for the three target treatment zones, since the RTFs for treatment around
SB-144 and the 10-mg/kg target treatment zones are virtually the same. Details of the Plume 2 numerical model
construction, development, calibration, and application are provided in the Plume 2 Numerical Modeling
Technical Memorandum (Appendix B).
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SECTION 2

Cleanup Standards and Remedial Action Objectives

The First Amendment to Consent Decree (USEPA 2011a) includes the ROD amendment for the PCB OU (USEPA
2007). The ROD amendment specifies the cleanup standards for PCB OU and defines the remedial action
objectives (RAOs). The cleanup standards applicable to Plume 2 and the RAOs are defined in this section.

2.1 Cleanup Standards

Cleanup standards have been set for the study sites comprising the PCB OU (USEPA 2007). The standards are
based on the risk assessment performed in the remedial investigation report, which evaluates potential risk to
human health and the environment. The standards were then further refined to reflect DOI’s specific concerns for
the protection of fish and wildlife at CONWR, and USEPA’s policies in establishing cleanup standards. The cleanup
standards applicable to Plume 2 are discussed in the following subsections.

2.1.1 Soil

The risk from all of the chemical contaminants present above naturally occurring background levels established
for the site in the soil shall not exceed an excess cancer risk of one in one million (10°®) or shall not exceed
concentrations determined to produce any noncancer chronic health effects.

2.1.2 Groundwater

The groundwater will be monitored during and after construction of the remedial action. The monitoring results
will be evaluated to assure that after completion of the remediation of the contaminated soils, the risk from all of
the contaminants in the groundwater (measured at the source of contamination) above naturally occurring
background levels shall not exceed any excess human health risk or any standard. If at any time, groundwater
exceeds a 10°® cumulative lifetime cancer risk, or MCLs for carcinogens, whichever is more stringent; and MCLs,
(non-zero) maximum contaminant level goals, or a hazard index of 1.0, whichever is more stringent, for
noncarcinogens, additional remedial work as determined by USEPA shall be performed. The federal MCLs and
non-zero maximum contaminant level goals for VOCs are listed in Table 2-1.

2.2 Remedial Action Objectives

The RAOs are as follows:

e Restore contaminated groundwater at Sites 32/33 to Drinking Water Standards to the extent practicable
e Reduce or control, to the extent practicable, the impact of subsurface sources of VOCs on groundwater quality.

2.3 Practicality of Cleanup Standards

In the ESD (USEPA 2000), USEPA indicated it may be technically impossible to achieve MCLs throughout the
aquifer given the nature of contaminants and the media in which they are present. USEPA indicated at the time,
that they may seek a technical impracticality waiver, pursuant to Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA) or seek an alternate groundwater standard pursuant to the State of
Illinois Groundwater Standards (35 lllinois Administrative Code (IAC) Part 620) if the proposed remedy did not
demonstrate that it would effectively treat the remaining contaminant levels.

The RTFs estimated with the latest Plume 2 solute transport model further supports the potential technical
impracticality of achieving MCLs at the site because it more accurately accounts for the latest understanding of
the three-dimensional distribution of TCE in the subsurface and utilizes a more modern transport formulation that
considers a wider range of subsurface transport processes. In addition, the latest version of the model includes
the supplemental site characterization data, which shows higher concentrations of TCE in deeper
hydrostratigraphic units than in previous models.
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The current Plume 2 groundwater model uses a dual-domain formulation of the solute transport equation. In
contrast to the previous single-domain site models, the dual-domain formulation provides a reservoir of TCE mass
within the immobile porosity that diffuses back into the mobile porosity when and where TCE concentrations in
the immobile porosity are greater than those in the mobile porosity. As described in Appendix B, model results
suggest that even if initial (2011) TCE concentrations within the entire mobile porosity of the 73-acre plume are
zeroed out and initial TCE concentrations within the immobile porosity are reduced by a factor of 10, mobile-
phase TCE concentrations greater than 5 pg/L could remain after 100 years. The results illustrate that the process
of back-diffusion from the immobile porosity can sustain the TCE plume for a prolonged timeframe (greater than
100 years), even under an extreme hypothetical remediation scenario. This is because the initial TCE
concentrations in the immobile porosity are still over 100,000 pg/L near Building I-1-2 in the extreme scenario.
Given that portions of the plume are not accessible (such as the areas under active buildings), the large area of
treatment that would be required, and limitations to treatment alternatives, achieving an RTF of 100 years or less
may be impractical.

While it may be impractical to achieve MCLs, measures have been taken (as described in Section 1) to address site
risks since alternatives were evaluated in Revision 3 of the FFS. LUCs have been implemented at the site to
prohibit production wells, residential land use, and camping within the IOP boundary shown on Figure 1-1 (USFWS
2008). The groundwater restrictions eliminate the drinking water pathway for Plume 2 groundwater as well as the
potential for other exposures to groundwater since its use for agricultural, industrial, and commercial purposes is
prohibited. The residential land use restriction eliminates potential future residential risks to soil exposures. After
the 2009 excavation was conducted, VOC concentrations in soil are below the regional screening levels (107 risk
and hazard index of 1.0) for cancer and noncancer health effects for potential receptors. Therefore, several
actions have already been completed to meet the intent, as much as practical, of the cleanup standards that were
designed to achieve a condition of no significant risk within the area of Plume 2.
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TABLE 2-1
Maximum Contaminant Levels and Maximum Contaminant Level Goals for Volatile Organic Compounds
Focused Feasibility Study for Plume 2 at PCB OU Site 33, Crab Orchard National Wildlife Refuge, Marion, Illinois

Volatile Organic Compound MCL MCLG
1,1,1-Trichloroethane 200 200
1,1,2,2-Tetrachloroethane -- -
1,1,2-Trichloroethane 5 3
1,1-Dichloroethane - -
1,1-Dichloroethene 7 7
1,2-Dichloroethane 5 -
1,2-Dichloropropane 5 --

1,3-Dichloropropene - -
2-Butanone (MEK) - -
2-Hexanone -- -
4-Methyl-2-Pentanone (MIBK) - -

Acetone -- --
Benzene 5 --
Bromodichloromethane 80 -
Bromoform 80 -
Bromomethane - -

Carbon Disulfide - -

Carbon Tetrachloride 5 -
Chlorobenzene 100 -
Chloroethane - -
Chloroform 80 -
Chloromethane - -
cis-1,2-Dichloroethene 70 70
cis-1,3-Dichloropropene -- --
Dibromochloromethane 80 --
Ethylbenzene 700 700
Methyl tert-Butyl Ether (MTBE) - -
Methylene Chloride 5 -
Styrene 100 100
Tetrachloroethene (PCE) 5 --
Toluene 1,000 1,000
Total Xylenes 10,000 10,000
trans-1,2-Dichloroethene 100 100
trans-1,3-Dichloropropene - --
Trichloroethene (TCE) 5 -
Vinyl Chloride 2 -
Notes:

MCL - maximum contaminant level
MCLG - maximum contaminant level goal
MCLs and MCLGs are reported in pg/L
Non-zero MCLGs reported



SECTION 3

Identification and Screening of Technologies

General response actions and remedial technologies are initially screened with respect to the site contaminants
and site-specific conditions to determine which technologies should be carried forward for further evaluation as a
remedial alternative and the areas and/or quantities of contaminated media to be treated. Information available
at the time of screening is to be used primarily to identify and distinguish any differences among the various
alternatives and to evaluate each alternative with respect to its effectiveness, implementability, and cost. Only
the alternatives judged as the best or most promising on the basis of the evaluation factors were retained for
further consideration and analysis. A remedial alternative may include a combination of technologies and a range
of areas and quantities of contaminated media may be evaluated for a remedial alternative. Section 3 presents a
summary of general response actions and remedial technologies screened and remedial alternatives developed as
part of Revision 3 of the FFS, additional alternatives developed as part of Revision 4 of the FFS, and the basis for
the target treatment zone selected for each alternative carried forward in Revision 4 of the FFS.

3.1 General Response Actions and Remedial Technologies
Identified and Screened for Revision 3 of the FFS

General response actions and remedial technologies were identified and screened in detail for Site 33 as part of
Revision 3 of the FFS (RMT 2004). General response actions evaluated included limited action, containment,
removal, treatment, and disposal. For each general response action, remedial technologies and process options
were screened on the basis of site-specific effectiveness, implementability, and comparative cost. Table 3-1
presents a summary of the general response actions, remedial technologies, and process options screened and
considered acceptable for further consideration in Revision 3. It should be noted that the technologies presented
in Table 3-1 were evaluated for Plumes 1, 2, and 3. For a more detailed presentation of the evaluation, refer to
Table 5-2 in Revision 3 of the FFS.

3.2 Remedial Alternatives Developed for Revision 3 of the FFS

Technologies and process options determined acceptable for further consideration were retained as a component
of a remedial alternative developed and evaluated in Revision 3 of the FFS. Remedial alternatives developed for
Plume 2 included the following:

e Alternative A—Limited Excavation (Building I-1-3 hotspot) and MPE with Pneumatic Fracturing

e Alternative B—Permeable Reactive Barrier

e Alternative C—Alternate Concentration Limits

e Alternative D—Excavation (within 10 mg/kg VOC contour to 10 feet depth) and Alternate Concentration Limits

e Alternative E—Excavation (within 10 mg/kg VOC contour to 10 feet depth), In Situ Reductive Dechlorination
with Pneumatic Fracturing, and Alternate Concentration Limits

e Alternative F—Electrical Resistive Heating

Components common to remedial alternatives included institutional controls with groundwater monitoring.
Alternative F was recommended as the preferred remedial alternative and presented for public comment in the
proposed plan and fact sheet submitted by USEPA. Key stakeholders expressed safety concerns associated with
this technology, which resulted in the deferral of the Plume 2 remedy selection.

3.3 Remedial Alternatives Developed for FFS Revision 4

With exception of electrical resistive heating, remedial technologies included in Revision 3 of the FFS Plume 2 were
screened again to evaluate implementability and effectiveness. The technologies considered acceptable would be
included as part of a revised list of remedial alternatives for Plume 2. The following is a summary of the results:
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e MPE would not effectively reduce source area concentrations to levels that would improve downgradient
groundwater quality. Other technologies were determined more capable of achieving a higher percent source
mass reduction than MPE was capable of achieving at the site.

e Permeable reactive barrier would not effectively reduce the overall RTF due to limiting site hydrogeologic
characteristics (for example, flat gradient coupled with low hydraulic conductivities).

e Insitu reductive dechlorination would provide limited source mass reduction because of the reduced
effectiveness to inject a substrate into a clayey soil. Implementation of pneumatic fracturing could still result
in limitations of the fracture distribution (that is, short circuiting into coarse-grained soil seams or preferential
propagation along bedding planes), which would result in non-uniform delivery of the substrate throughout
the targeted injection zone.

e Source area excavation was considered a feasible technology and recommended to be carried forward into a
remedial alternative developed as part of Revision 4 of the FFS.

Since the time of FFS Revision 3, some in situ treatment technologies have evolved further and are proving
increasingly effective at reducing COC mass in soil and groundwater. Additional in situ treatment technologies not
included as part of remedial alternatives in Revision 3 but considered acceptable going forward in Revision 4 of
the FFS include soil mixing and thermal conductive heating. The following sections provide a brief description of
the soil mixing and thermal conductive heating technologies.

3.3.1 Soil Mixing with Zero Valent Iron

Shallow soil mixing with ZVI is an in situ technology that uses a large auger system, equipped with nozzles, to add
a clay-granular ZVI slurry into the soil while mechanically breaking up and mixing the soil. Shallow soil mixing via
the auger system, converts the source zone into a homogenous mixture of soil, clay, iron, and target
contaminants by turning the auger while repeatedly cycling up and down throughout the mixing column. The ZVI
degrades the chlorinated VOCs through chemical reduction and also promotes biological reduction. The clay
promotes uniform distribution of the iron during the mixing process and reduces the hydraulic conductivity of the
source zone, to minimize contaminant flux.

DuPont and the University of Waterloo (Wadley et al. 2005) pioneered this technology in the 1990s and early 2000s.
In 2003, DuPont donated patents for the technology (Batchelor et al., 1998 and 2002) to Colorado State University.

The removal mechanism is primarily chemical. ZVl is a strong reducing agent that has been successfully used in
many in situ applications to treat cVOCs in groundwater. The ZVI reacts with the cVOCs through electron transfer
to reduce them to ethane and ethene while the ZVI is oxidized to ferrous iron. The dominant degradation pathway
is the beta-elimination pathway that transforms parent compounds (such as TCE) to chloroacetylene and
acetylene, unstable intermediates, which rapidly degrade to ethene. The second degradation pathway is
hydrogenolysis, or sequential reductive dechlorination, where one chlorine atom is removed in each step (TCE
degrades to cis-1,2-dichloroethene, then to vinyl chloride, and finally to ethene or ethane) (ITRC 2011). Treatment
time can be as short as 1 to 2 months depending on site restoration requirements. Soil stabilization can take
months to years after mixing has been completed.

3.3.2 Thermal Conductive Heating

Thermal conductive heating, also known as in situ thermal desorption, generates heat using electrical power,
based on resistive principles. The process relies on the resistive properties of a metal rod, rather than the bulk
soil, as with Electrical Resistive Heating. The metal rods are analogous to the heating elements contained in an
electric oven. A typical heater assembly consists of a U-shaped metal rod approximately 0.5 inch in diameter that
is installed in a section of sealed steel well casing. Ceramic insulators are used to electrically isolate the heating
element from the steel casing. The application of electric power to the element causes the steel rod to heat
resistively. Heat generated by the element is adsorbed by the well casing and ultimately transferred to the
subsurface formation by conduction and convection.
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The mechanisms of contaminant removal by thermal treatment are primarily physical. Contaminant removal is
dominated by vaporization and steam distillation processes. Because heat propagation is the driving force for
contaminant removal from groundwater and soil, the process is relatively unaffected by contaminant distribution,
concentration, chemical structure, or toxicity. Although temperatures as high as 800 degrees Celsius can be
achieved, a treatment temperature of 100 degrees Celsius is sufficient to accomplish steam distillation and
effective removal of target VOCs present at the site. The boiling point of pure phase TCE under ambient
conditions is approximately 87 degrees Celsius. Pure water under identical conditions boils at 100 degrees Celsius.
However, when TCE and water are mixed, the vapor pressure of the combined system allows the mixture to boil
at approximately 73 degrees Celsius. At higher temperatures, particularly in proximity to the subsurface heaters,
cohesive and fine-grained soil can shrink and crack while drying, becoming more permeable and enhancing
contaminant transport and subsurface extraction. In the post treatment stage, enhanced microbiological
degradation has been observed at numerous sites where thermal treatment has been implemented.

Thermal conductive heating systems consist of heater assemblies installed within sealed steel well casings,
electrical power distribution equipment, vapor and groundwater extraction wells, and an aboveground plant to
treat extracted process vapor and fluids. Multiple heater assemblies are placed across the treatment zone at
relatively close spacing (to ensure thorough conductive heating. Recovery wells are placed to capture
groundwater and vapor mobilized during heating. The technology has been safely applied under structures and
near underground utilities. The technology is patented with an exclusive license held by one company.

3.4 Basis for Selected Target Treatment Zone

A critical aspect of developing remedial alternatives for Plume 2 is identifying a three-dimensional target
treatment zone where remediation efforts would be focused under implementation of an active remedial
technology. The extent of Plume 2 that exceeds the MCL for TCE covers an area of approximately 73 acres.

The groundwater model considered the following four treatment zone scenarios to help define a range of
potential treatment areas based on the characteristics of the groundwater plume:

(1) No active treatment of the groundwater plume. This scenario represents the time it would take to clean up
the plume without implementing active remediation.

(2) Treatment of the source area indicative of NAPL around SB-144 near Building I-1-2 (estimated as roughly
500 square feet; Figure 3-1).

(3) Treatment of the source area near Buildings I-1-2 and I-1-3 (less than 0.5 acres in size). The target treatment
zone for this scenario included areas and depth intervals with soil concentrations of at least 10 mg/kg of TCE, to
be consistent with the target treatment zone for excavation presented in the FFS Revision 3.

(4) Treatment of the entire 73-acre plume. This hypothetical case, which represents a remediation scenario that
would not be possible to implement, was evaluated to determine the extreme end of the range of calculable
treatment times.

Treatment would be accomplished through active remedial technologies described herein, whereas the remaining
plume area would be addressed by long-term management and rely on natural attenuation processes to
remediate the impacted aquifer. This approach was taken because of the lack of risk under current site conditions,
the focus of reducing the source term at the site, and the limitations the geology imposes on remediation
technologies. The target treatment zones were evaluated using data collected in previous investigations, the data
collected during the supplemental site characterization in 2011, and the Plume 2 numerical groundwater flow and
solute transport models developed for the site and updated by CH2M HILL for Revision 4 of the FFS (Appendix B).
RTFs were calculated for each alternative based on the assumption that the TCE biodegradation half-life (BHL) is
between 10 and 20 years (Appendix B).

Modeling results for Scenario 1 indicate that a portion of the TCE plume could persist above the target cleanup levels
beyond 500 years after 2011 if no active remediation is performed (Appendix B). The results also indicate that a
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significant portion of the forecast RTF may be required to remediate the remaining 5 percent of the current TCE
plume area because of matrix-diffusion of TCE from the immobile porosity.

The model forecasts essentially no difference in RTFs between Scenarios 2 and 3. For Scenario 2, the time to
achieve cleanup standards ranges from 145 to 280 years, depending on the BHL used in the model), and for
Scenario 3, the time ranges from 145 to 275 years. The similarity in the forecast RTFs results primarily from the
relatively small sizes of the two simulated target treatment zones as compared to the overall size of the
groundwater TCE plume. The model indicates that more costly active remediation of the larger target treatment
zone, based on the soil concentration of TCE of 10 mg/kg, would not have an appreciable effect on the timeframe
to achieve cleanup standards. Note that this relative performance would be expected to be similar regardless of
values used in the model. That is, changing the BHL could change the result of the model. However, the relative
performance between the two scenarios would be similar.

The results for Scenario 4, which represent a hypothetical and extreme remediation scenario, indicate that such
an approach for the plume would not reduce the time to achieve cleanup standards below 100 years even for the
lower range of BHLs considered (10 years).

Based on the analysis, Scenario 2, which addresses active remediation of the source area indicative of NAPL near
SB-144, was selected for use in the detailed evaluation of remedial alternatives for this site. Scenario 1 was also
carried forward in the detailed evaluation of remedial alternatives for the purpose of addressing the no-action
and long-term management alternatives.

The model results are sensitive to the BHLs. While 10- and 20-year BHL simulations would be more consistent with
the historical data of Plume 2, USEPA suggested that a broader range of 5 to 20 years appeared justified based on
published data and requested that the model be rerun using a 5-year BHL simulation. While the 5-year BHL does
not fit the historical data available for Plume 2 or the 10- and 20-year BHLs, additional simulations were
performed in response to USEPA’s request to investigate the effect of simulating a 5-year BHL.

Evaluation of the broader range of BHLs is presented in Attachment 1 of Appendix B. It compares Scenarios 1
through 3 for the 5-, 10-, and 20-year BHL. The extreme hypothetical remediation scenario (Scenario 4) evaluated
in Appendix B was not rerun for the 5-year BHL. The model forecasts essentially no difference in RTFs between the
10 mg/kg TCE target treatment zone and the source area indicative of NAPL target treatment zone. The similarity
in the RTFs results primarily from the relatively small size of the target treatment zones compared to the overall
size of the groundwater TCE plume. Accordingly, treatment of the source area indicative of NAPL would provide a
significant benefit to remedy performance as compared to passive treatment alternatives. However, no additional
benefit to remedy performance would arise from selection of the larger target treatment zone.

For the remedial alternative simulations, RTFs range from 75 years (assuming a 5-year BHL) to 280 years
(assuming a 20-year BHL). However, the comparison between forecast and detected TCE concentrations at wells
in the Plume 2 subarea indicates that the 5-year BHL is likely overly optimistic. While the amount of actual data is
limited, the forecast concentrations for the 10- and 20-year BHLs align more closely with the historical data.

The model also indicate that the RTFs estimated for treatment Alternatives 2, 3, and 4 do not vary between either
remediating the source area indicative of NAPL (Scenario 2) or the much larger area of the 10-mg/kg target
(Scenario 3), with the exception of the 20-year BHL simulation showing a marginal reduction of RTF of 5 years
between Scenarios 2 and 3. Therefore, Appendix B does not include RTFs for the three target treatment zones
included in remedial alternatives, since the RTFs for treatment around SB-144 and the 10 mg/kg target treatment
zones are virtually the same.

The final treatment zone selected for use in detailed evaluation of Alternatives 2, 3, and 4 includes the source
area indicative of NAPL around SB-144 near Building I-1-2 included in Scenario 2, plus two hot spot source areas
(an area around SB-140/SB-126 and an area around SB-142) (Figure 3-1). While the groundwater modeling does
not show a significant difference in RTFs between the Scenario 2 and 3 treatment zones, the two hot spot source
areas were included to provide additional assurance that the most contaminated zones will be addressed.
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TABLE 3-1

Summary of Remedial Technologies Identified and Screened as Part of FFS Revision 3

Focused Feasibility Study for Plume 2 at PCB OU Site 33, Crab Orchard National Wildlife Refuge, Marion, Illinois

General Response Action

Technology

Process Option

Acceptable for Further Consideration?

No Action None None Yes. Only as comparative baseline.
Limited Action Onsite access restrictions Fencing No. However, temporary fencing likely appropriate as a
component of remedial construction.
Security No. Not necessary based on potential hazards or risk to

Institutional controls

Monitoring

Property management

Property acquisition

Monitored Natural Attenuation

environment.
Yes

No. Property already owned by federal government.

Yes

Containment Vertical barriers Slurry walls No. Not considered as a stand-alone technology.
Sheet piling No
Injected screens No
Grout curtains No
Hydraulic containment Interceptor trenches No
Extraction wells Yes
Surface cover Low-permeability cap Yes
Removal Extraction Vertical extraction wells Yes
Horizontal extraction wells Yes
Multiphase extraction (MPE) Yes
Dual-phase extraction No
Excavation Excavation and disposal Yes
Treatment In situ treatment Air sparging No
Steam sparging No
Permeable treatment walls/zones Yes
Thermally enhanced recovery Yes
Electro-osmotic recovery No
Chemical oxidation No
Co-metabolic biological treatment No
Enhanced bioremediation Yes
in situ recirculation wells No

Ex situ treatment

Fracturing (pneumatic or hydraulic)

Phytoremediation

Monitored Natural Attenuation
Air stripping

Activated carbon

Thermal destruction

Aerobic biological

Anaerobic biological

Chemical oxidation

Yes. As a supplemental component to other technologies.
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TABLE 3-1
Summary of Remedial Technologies Identified and Screened as Part of FFS Revision 3
Focused Feasibility Study for Plume 2 at PCB OU Site 33, Crab Orchard National Wildlife Refuge, Marion, Illinois

General Response Action Technology Process Option Acceptable for Further Consideration?
Offsite disposal Treated or untreated groundwater Discharge to POTW Yes
Onsite disposal Treated groundwater Injection wells Yes

Infiltration basin or trenches/drain field No
Discharge to surface water Yes
Non-potable service water No
Irrigation Yes
Untreated groundwater Non-potable service water No
Discharge to surface water No
Irrigation No
Notes:

Source: RMT, Inc. 2004. Focused Feasibility Study, Revision 3, Crab Orchard National Wildlife Refuge, PCB Operable Unit — Sites 32/33, Marion, lllinois.
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SECTION 4

Development of Remedial Alternatives

The following is a summary of remedial alternatives selected for detailed evaluation in this FFS.

e Alternative 1: No Action

e Alternative 2: Excavation and Long-Term Management

e Alternative 3: Soil Mixing with ZVI and Long-Term Management

e Alternative 4: Thermal Conductive Heating and Long-Term Management
e Alternative 5: Long-Term Management

Alternatives 2 through 4 include approaches that remove, treat, or destruct the mass of groundwater COCs within
targeted treatment zones where a source area indicative of NAPL and two other hot spot source areas were
encountered during the supplemental site characterization investigation. Natural attenuation will reduce sorbed
and dissolved TCE mass in soil and groundwater, respectively, outside the source areas treated.

4.1 Elements Common to Alternatives

Section 4.2 presents a summary of elements common to alternatives evaluated in this FFS.

4.1.1 Institutional Controls

Institutional controls in place at CONWR are documented in the Environmental Land Use Control Implementation
Plan (USFWS 2008). The plan prohibits installation of production wells and residential use and camping within the
boundaries of the former lllinois Ordnance Plant at CONWR (Figure 1-1).

The objective of production well LUC is to prevent ingestion of potentially contaminated groundwater and
induced migration of contaminated plumes. There are currently no production wells at CONWR, and potable
water for CONWR is supplied by the City of Herrin, which has a reservoir for its source. All construction activities
must be approved by CONWR, and staff members are aware of the well restriction. The Environmental Land Use
Control Implementation Plan is provided to all lease and special permit holders and CONWR staff and volunteers.
Hunters and other former lllinois Ordnance Plant users receive a briefing detailing the restrictions prior to
accessing the area. The restriction can be removed for a specific location only by performing a groundwater
investigation to confirm that the groundwater concentrations are within MCLs, lllinois Class | standards, and the
Region 9 risk-based concentrations over an area sufficiently large such that pumping would not be influenced by
nearby plumes. The restriction can be removed at sites with known exceedances only after the site groundwater
is remediated to achieve the levels and confirmation that the levels have been achieved.

The objective of the residential use and camping restriction is to prevent potential unacceptable risks to residential
users and campers. The restriction can be removed for a specific location only after an investigation of the location
proposed for residential use or camping has been performed and a risk assessment shows risks are within
acceptable levels for the proposed use scenario. Analytical sampling of all potentially affected media would be
required. The sampling density and depths need to be sufficient to allow evaluation of residential exposure scenarios
within individual half-acre parcels. A risk assessment for the proposed use scenarios would be needed. If the risk
assessment shows unacceptable risk, remediation would be required before a restriction can be removed. The
restriction can only be removed after all risks are shown to be at acceptable levels for the proposed use scenario.

The Environmental Land Use Control Implementation Plan has been implemented and is therefore applicable for
all of the alternatives.

4.1.2 Long-Term Management

Alternatives 2 through 5 include a long-term management component to monitor changes in groundwater COC
concentrations and manage any associated risks. For Alternatives 2 through 4, long-term management will
commence following treatment. A select number of existing and newly installed monitoring wells (20 wells
estimated total) will be sampled as part of the LTM program. Proposed monitoring wells include 7 existing well
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locations and 13 well locations screened within the Upper Clay, Upper Sand, Lower Sand, and Lower Clay units,
where present. Wells will monitor the source area, along the plume centerline, dowgradient of the plume, and
upgradient of the TCE plume.

Annual sampling of the 20 monitoring wells will occur through the first 5-year review. Following the 5-year review,
it is assumed that groundwater sampling will be performed to monitor natural attenuation of the dissolved TCE
plume every 5 years until the RAOs have been achieved. The actual monitoring frequency will be determined
during remedial design.

4.2 Alternative 1—No Action

Alternative 1 consists of taking no action. The National Oil and Hazardous Substances Pollution Contingency Plan
(NCP) require that a no action alternative be retained throughout the feasibility study process as a baseline
against which to compare the other approaches. With exception of the LUCs, no other mechanisms would be in
place to prevent, monitor, or control exposure to contaminants.

4.3 Alternative 2—Excavation and Long-Term Management

Alternative 2 consists of excavating soil within the source area indicative of NAPL around SB-144 (approximately
33 feet bgs) and two hot spot source areas from ground surface to top of bedrock at approximately 48 feet bgs
(the treatment area around SB-140/SB-126 and the treatment area around SB-142). Figure 4-1 presents the aerial
extent of the target treatment zones and associated excavation footprints. At least a 99 percent source removal
has routinely been demonstrated across the industry when excavation is implemented as the technology for
source area removal. Therefore, it is reasonable to assume that excavation would remove 99 percent of the
source within the target treatment zones.

To prevent structural damage, excavation activities will not be completed within 20 feet of Building I-1-2.
Approximately 120 linear feet of soldier-pile and lagging shoring will be embedded into bedrock along the west
excavation wall (approximately 33 feet bgs). The remaining excavation sidewalls will be excavated ata 1.5to 1
slope. No utilities are present within the excavation area; however, monitoring wells 33MWC-13 and 33MWC-24
are located within the southeast portion of the proposed excavation area and will need to be abandoned prior to
excavation. Approximately 174 linear feet of soldier-pile and lagging shoring will be embedded into bedrock along
2 sides of each of the 2 target treatment zones around SB-140/SB-126 and SB-142 because of encumbrances at
the site that make it prohibitive to excavate a 1.5 to 1 slope. The remaining excavation sidewalls will be excavated
ata 1.5 to 1 slope. The fire/water line within the excavation area of the source area hot spot around SB-142 will
be abandoned and capped prior to excavation.

Excavated soil will be stockpiled, characterized, and transported offsite for disposal. For volume and cost
estimating purposes, it has been assumed that soil from ground surface to 20 feet bgs will be non-hazardous, and
soil from 20 feet bgs to the terminal depth of the excavations will be hazardous. The depths were selected based
on soil sample data collected during previous investigations, which results in approximately an additional

12,100 cubic yards of nonhazardous soil and 4,600 cubic yards of hazardous soil being excavated and disposed of
offsite at licensed disposal facilities.

Waste will be characterized in accordance with Title 40 Code of Federal Regulations (CFR) and for PCBs to determine
whether Part 261 Subpart C and 40 CFR Part 761 are applicable. Waste characterization samples will be collected
from stockpiled soil at a frequency of 1 sample per 500 cubic yards. Waste that fails the toxicity characteristic
leaching procedure (TCLP) will be disposed of as hazardous waste. PCB wastes above concentrations of 50 parts
per million will be disposed of in accordance with 40 CFR Part 761 Subpart D. While not expected because of data
collected from the site, waste above TSCA criteria will be disposed of as appropriate. Non-hazardous soil will be
transported to a RCRA Subtitle D landfill, and hazardous soil will be transported to the RCRA Subtitle C hazardous
waste landfill for disposal. Hazardous soil not meeting land disposal restrictions will require treatment prior to
disposal. The cost estimate assumes no treatment prior to disposal will be required.

Because the excavations will intercept the Upper Sand unit, excavation dewatering will be required to remove
water infiltrating into the excavation from this unit. Excavation water will be pumped to storage tanks and
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subsequently treated. For the purposes of the FFS, it has been assumed that carbon will be used to treat VOCs
present in excavation water handled as part of this alternative. A detailed evaluation of the water treatment
remedy will be required as part of the remedial design. Confirmation samples will be collected and analyzed for
VOCs and PCBs prior to discharging the water. For the purposes of this FFS, it has been assumed that treated
water can be discharged to the East Swale (Figure 1-2).

To promote biological degradation of residual TCE at the terminal depth of the excavations, the bottom 4 feet will
be backfilled with a 50/50 blend of mulch and gravel. Approximately 195 cubic yards each of mulch and gravel will
be required. The mulch-gravel mixture will be covered with a geotextile fabric to reduce fouling. Clean backfill
from a local borrow source will be used to backfill the remainder of the excavation. The site will be graded and re-
seeded following backfill of the excavations.

4.4 Alternative 3—Soil Mixing with Zero Valent Iron and
Long-Term Management

Alternative 3 consists of mixing soil with a clay and ZVI mixture to treat the source area indicative of NAPL around
SB-144, the hot spot source area around SB-140/SB-126, and the hot spot source area around SB-142 (Figure 4-2).
At least a 99 percent source removal has routinely been demonstrated across the industry when soil mixing with a
clay and ZVI mixture is implemented as the technology for source area treatment. Therefore, it is reasonable to
assume that soil mixing with a clay and ZVI mixture would remove 99 percent of the source within the target
treatment zones. To minimize the effects of soil mixing activities on nearby structures, a minimum 20-foot offset
will be maintained between the target treatment zone and Building I-1-2. No utilities or monitoring wells are
present within the soil mixing target treatment zones.

Before soil mixing commences, the top 3 feet of soil within the proposed mixing area will be excavated to form a
temporary impoundment for material handling and mixing operations. For the purposes of this FFS, it has been
assumed that the excavated soil will be suitable for use to construct a berm around the mixing area to control
surface water runoff and contain mixed materials and water generated during the mixing process.

During implementation, the soil mix rig will be tracked into position over a predesigned and surveyed grid
network. To ensure uniform mixing and treatment within the soil mixing area, soil mixing columns typically
overlap between 25 and 35 percent. The center-to-center distance between the columns will be spaced to
account for overlap of adjacent columns. Assuming a 10-foot auger diameter, approximately 16 columns will be
advanced to bedrock (approximately 33 feet bgs) within the source area indicative of NAPL around SB-144, and
approximately 8 columns will be advanced to bedrock (approximately 48 feet bgs) in the hot spot source areas
around SB-140/SB-126 and SB-142. A mix design of 2.5 percent ZVI and 1 percent bentonite has been assumed for
the target treatment zone. A bench scale study is recommended to optimize the amount of ZVI and clay to be
added during mixing. Based on this assumption, the total amount of ZVI required is estimated to be 46 tons, and
the total amount of bentonite required is estimated to be 18 tons.

Following completion of soil mixing activities, the bermed soil will be regraded across the soil mixing area.
Because of the time required for the mixed soil to stabilize, a chain link fence will be installed around the mixing
area to prevent unauthorized persons and vehicles from passing across the structurally unstable soil.
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FIGURE 4-3
Conceptual Overview of Soil Mixing
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4.5 Alternative 4—Source Area Thermal Conductive Heating
and Long-Term Management

Alternative 4 consists of implementing thermal conductive heating within the source area indicative of NAPL
around SB-144, the hot spot source area around SB-140/SB-126, and the hot spot source area around SB-142
(Figure 4-4). At least a 99 percent source removal has routinely been demonstrated across the industry when
thermal conductive heating is implemented as the technology for source area treatment. Therefore, it is
reasonable to assume that thermal conductive heating would remove 99 percent of the source within the target
treatment zones. As part of the alternative, a network of heater wells will be installed within the target treatment
zone. The heater wells will vertically extend from approximately 8 to 5 feet into bedrock. The heater wells extend
above the water table to heat the vadose zone and promote the upward vertical migration and capture of TCE
volatilized in the saturated zone. If the zone above the water table is not heated, TCE condensation in the vadose
zone could occur, resulting in incomplete remediation. To effectively treat the lower portion of the target
treatment zone, the heater wells will extend into bedrock.

TCE volatilized by subsurface heating will be captured by a network of vertical soil vapor extraction (SVE) wells
installed within the target treatment zone and screened across the vadose zone at depths ranging from near
ground surface to the groundwater table. SVE wells will maintain a negative pressure (that is, capture zone) in soil
above the groundwater table. Ancillary wells installed as part of this process include temperature and pressure
monitoring wells. Temperature monitoring points will extend the full length of the heated vertical interval, and
pressure monitoring wells will be installed in the vadose zone to ensure pneumatic capture of the treatment area
is maintained during system operation. The following is a summary of the subsurface infrastructure proposed as
part of this alternative:

e Heater wells—21
o Vertical SVE wells—12
e Temperature wells—8
e Pressure wells—8

High subsurface temperatures that will result from the alternative require wells within and immediately
surrounding the target treatment zone to be constructed of steel.

Soil vapor and condensate extracted by SVE wells in both target treatment zones will be treated by a process
equipment package unit comprised of heat exchangers, vapor/liquid separators, and a vacuum blower. Ancillary
equipment includes power distribution equipment for the heater wells and a control room trailer. Process vapor
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will be treated using granular activated carbon prior to atmospheric discharge. Liquids recovered by the system
will pass through an oil and water separator. Contaminated water generated as part of the condensate recovery
process will be containerized for disposal. Process water will be further treated. Confirmation samples will be
collected prior to discharging the water. For the purposes of this FFS, it has been assumed that treated water can
be discharged to the East Swale.

A conceptual layout of a thermal conductive heating system is presented in Figure 4-5. The process equipment
will require installation of a new power feed from the closest available supply that can meet the system’s power
requirements. The power company (Ameren UE) indicated that electric service is not available to meet the
600-kilowatt power requirement. Therefore, it is assumed that a power drop and transformer will need to be
installed to meet the power requirement.

FIGURE 4-5
Conceptual Overview of Thermal Conductive Heating System (From TerraTherm)
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4.6 Alternative 5—Long-Term Management

Alternative 5 consists of implementing the groundwater sampling program specified in Section 4.1.2. The
alternative assumes no source area soil removal or treatment and relies on natural attenuation to reduce TCE
mass in soil and groundwater.
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SECTION 5

Comparative Analysis of Alternatives

The comparative analysis presents the information needed to compare the remedial alternatives developed in this
FFS. Tables 5-1 through 5-5 compare each alternative against the evaluation criteria presented in Section 5.

5.1 Evaluation Criteria

The evaluation criteria allow comparison of the relative performance of the alternatives and provide a means for
identifying their relative advantages and disadvantages. In accordance with the NCP, remedial actions must
accomplish the following:

e Be protective of human health and the environment

e Attain Applicable or Relevant and Appropriate Requirements (ARARs) or provide justification for waiving
ARARs that cannot be achieved

e Be cost-effective

e Use permanent solutions and alternative treatment technologies or resource-recovery technologies to the
maximum extent practicable

e Satisfy the preference for treatment that reduces toxicity, mobility, or volume as a principal element

Provisions of the NCP require that each alternative be evaluated against nine criteria listed in 40 CFR
300.430(e)(9). The criteria were published in the Federal Register for March 8, 1990 (USEPA 1990b), to provide
grounds for comparing the relative performance of the alternatives and identifying their advantages and
disadvantages. The approach is intended to provide sufficient information to adequately compare the alternatives
and to select the most appropriate alternatives for implementation at the site as a remedial action. The following
are the evaluation criteria:

Overall protection of human health and the environment
Compliance with ARARs

Long-term effectiveness and permanence

Reduction of toxicity, mobility, or volume through treatment
Short-term effectiveness

Implementability

Cost

State acceptance

Community acceptance

L ooNOUL R WN R

There are three types of evaluation criteria: threshold, balancing, and modifying.

5.1.1 Threshold Criteria

Threshold criteria must be met by a particular alternative for it to be eligible for selection as a remedial action. The
two threshold criteria are overall protection of human health and the environment and compliance with ARARs.
5.1.1.1 Overall Protection of Human Health and the Environment

Overall protection of human health and the environment is the primary requirement that remedial actions must
meet under CERCLA. The evaluation criterion is an assessment of whether each alternative achieves and maintains
adequate protection of human health and the environment. A remedy is protective if it adequately eliminates,
reduces, or controls all current and potential risks posed by the site through each applicable exposure pathway.

5.1.1.2 Compliance with ARARs

Compliance with ARARs is one of the statutory requirements of remedy selection. The evaluation criterion is used
to determine whether an alternative meets the federal, state, and local ARARs identified for the site. Evaluation of
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this criterion includes identifying significant ARARs for each alternative and describing whether these can be met.
If ARARs cannot be met, a waiver may be obtained when one of the six exceptions in the NCP occurs (see 40 CFR
300.430([f][1][ii][C] [1 to 6]). No federal, state, or local permits are required for onsite response actions conducted
pursuant to CERCLA sections 104, 106, 120, 121, or 122. The exemption applies to all administrative requirements.
However, the substantive requirements of applicable permits must be met.

ARARs presented in Revision 3 of the FFS are still applicable for the remedial alternatives evaluated in this FFS.
The following is a summary of additional ARARs identified for the alternatives. In some cases, the regulatory acts
or provisions are the same, but additional parts are referenced. For the purposes of this FFS, ARARs from
Revision 3 of the FFS are not presented again in the summary below. Table 5-6 lists the ARARs presented in
Revision 3 of the FFS and the ARARs presented herein, and describes how the ARAR is met for each alternative
(if applicable).

Federal ARARs
Hazardous Materials Transportation Act

49 CFR 100 to 109 specifies requirements for the transportation of hazardous materials, specifically

U.S. Department of Transportation requirements for labeling, packaging, shipping papers, and transport
by rail, aircraft, vessel, and highway. This is an ARAR because the remedial alternatives evaluated in this
FFS will require the offsite shipment of hazardous waste.

Clean Air Act

The Clean Air Act (40 CFR 51 to 99) is intended to protect the quality of air and promote public health.
Title | of the Act directed the USEPA to publish national ambient air quality standards (NAAQS) for
“criteria pollutants.” The NAAQS Section 109 provides specific requirements for air emission including, but
not limited to, particulates, VOCs, and hazardous air pollutants. USEPA also has provided national
emission standards for hazardous air pollutants (HAPs) under Title Ill of the Clean Air Act. HAPs are those
pollutants known or suspected to cause cancer or other serious health effects, such as reproductive
effects or birth defects, or adverse environmental effects and are designated hazardous substances under
CERCLA. The Clean Air Act amendments of 1990 greatly expanded the role of National Emission Standards
for HAPs by designating 179 new HAPs and directed the USEPA to attain maximum achievable control
technology standards for emission sources. Such emission standards are potential ARARs for remedial
alternatives producing air emissions or regulated HAPs.

The Act is considered an ARAR for remedial alternatives where discharge of vapors to atmosphere will
occur through the handling or processing of contaminated media. IAC Title 35, Subtitle B: Air Pollution,
discussed below, contains requirements that pertain to allowable emissions from construction activities.
A plan to measure and mitigate air emissions during implementation of the selected remedial alternative
will be required as part of the remedial design.

New Source Performance Standards.

New Source Performance Standards (NSPS) are technology-based standards that apply to specific categories
of stationary sources. The NSPS apply to new, modified, and reconstructed facilities in specific source
categories. The NSPS are developed and implemented by USEPA and delegated to the states. However, even
when delegated to the states, USEPA retains authority to implement and enforce the NSPS. NSPS applicable
to the remedial alternatives include 40 CFR 60 Subpart KB (volatile organic liquid storage vessels) and,
depending on the construction equipment used, 40 CFR 60 Subpart llll (stationary compression ignition
internal combustion engines) or JJJJ (stationary spark ignition internal combustion engines).

Cultural Resources

The Native American Graves and Repatriation Act (43 CFR 10.4) addresses the protection of human
remains, funerary objects, sacred objects, or objects of cultural patrimony for Native Americans. The
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presence of archaeological resources is addressed by 43 CFR 7. If remediation activities disturb Native
American graves or archeological resources, then the appropriate regulations would be ARARs.

State ARARs
Waste Disposal

35 IAC Parts 720 to 723, 725 to 727, and 729 addresses the hazardous waste disposal requirements under
RCRA. The authority for implementation of RCRA in lllinois was given to the State of lllinois (lllinois EPA).
ARARs required by the State of Illinois, which implements the RCRA requirements and standards, are
listed below. The standards are applicable to hazardous waste generators, transporters, and operators or
hazardous waste treatment storage and disposal facilities.

Hazardous Waste Operating Requirements. 35 |IAC 721 is an ARAR for the requirements of identifying,
listing, and managing hazardous waste. It states that soils must be managed as hazardous waste if they
contain listed hazardous waste or are identified as characteristic hazardous waste. Management of
treatment residuals may be subject to RCRA if residuals retain characteristics of hazardous waste.

Remediation Waste Staging Piles. |f excavated soils fail the TCLP analysis for a hazardous waste
characteristic, then the soil would need to be managed as a hazardous waste. If such soil were stockpiled on
site (for example, while waiting for analytical results), the requirements for a RCRA remediation waste
staging pile under 35 IAC 724.654 would be an ARAR.

Standards Applicable for Transporters of Hazardous Waste. 35 |IAC 723 is an ARAR implementing
requirements of the transport of hazardous waste, including the U.S. Department of Transportation
regulations, manifests, record keeping, and discharge cleanup.

Solid Waste and Special Waste Hauling

Under 35 IAC Parts 807, 809, and 810, requirements are described for solid waste and special waste
hauling. It states that special waste must be treated, stored, or disposed of at a facility permitted to
manage special waste. The special waste classes and the method to determine whether the solid waste is
a special waste, Class A (all non-Class B special wastes) or Class B (low or moderate hazard special wastes),
are presented in these parts of IAC Title 35. RCRA hazardous waste is not included within the special
waste classes. This is an ARAR for the disposal of solid waste and special waste resulting from the
remedial alternatives. Contaminated soil from the remedial alternatives, which are not designated as a
RCRA hazardous waste, would be required for evaluation to determine whether it is a Class A or B special
waste. The potential offsite disposal of special waste must be conducted at a solid waste landfill
permitted to receive that special waste class, unless the lllinois EPA specifically allows otherwise.

Stormwater Control

USEPA has delegated authority for stormwater programs required by 40 CFR 123.25 to lllinois Environmental
Protection Agency. As part of implementing the stormwater program, lllinois Environmental Protection Agency
has issued a Construction Stormwater General Permit for construction that disturbs one acre or more. The
General Permit includes requirements to protect stormwater runoff from being contaminated by equipment
and chemicals used on the site, and from sediments that may be transported in stormwater. The substantive
requirements of the General Permit are ARARs, and the requirements include actions such as the development
of a stormwater pollution prevention plan, the use of best management practices to keep runoff clean, and
maintenance of best management practices until the site has been stabilized.

Air Pollution

35 IAC Subtitle B: Air Pollution is an ARAR for remedial alternatives that involve the creation of air
emissions such as excavation activities (all alternatives) or creation of vapors (Alternative 4). This ARAR
contains all of the State of lllinois regulations and specific requirements for allowable emissions of criteria
pollutants from a range of air contaminant source categories and processes. It also describes the permits
and emission standards enacted to protect air quality. The following ARARs are provided within Subtitle B:
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Air Pollution, and also apply to the activities during the remedial alternatives that result in air emissions.
Substantive requirements for air emission control must be followed:

Visible and Particulate Matter Emissions. Regulations containing specific requirements that pertain to
allowable emissions of fugitive particulate matter are provided in 35 IAC Part 212. Dust control will be
implemented to control visible particulate emissions during construction activities.

Odors. 35 IAC Part 245 contains regulations that specify how nuisance odors are detected. An
objectionable odor nuisance exists on or adjacent to industrial premises when odor is detectable in the
ambient air after it is diluted with 24 volumes of odor-free air as measured by a Scentometer. The
potential for odors to meet these standards during the remedial alternatives s is present. Appropriate and
necessary odor control will be implemented if it is determined that a nuisance odor exists.

Noise

35 IAC Parts 900, 901, and 910 provide the regulations containing specific requirements that pertain to
nuisance noise levels and the sound emission standards and limitations. The remedial alternatives could
potentially create nuisance noise levels, and therefore, will adhere to all appropriate and necessary noise
level controls.

5.1.2 Balancing Criteria

The five balancing criteria weigh the tradeoffs among alternatives. The following subsections describe the five
balancing criteria.

5.1.2.1 Long-Term Effectiveness and Permanence

Long-term effectiveness and permanence reflect the CERCLA emphasis on implementing remedies that will
provide protection of human health and the environment in the long term. Under this evaluation criterion, results
of a remedial alternative are evaluated in terms of the risk remaining at the site after RAOs are met. The primary
focus of this evaluation is the extent and effectiveness of the actions or controls that may be required to manage
the risk posed by the remedial alternative or by residual, untreated contamination.

Factors to be considered are magnitude of residual risk and adequacy and reliability of controls. Magnitude of
residual risk is defined as the risk remaining from untreated waste or treatment residuals after remediation.
Adequate and reliable controls are those that can be used to manage treatment residuals or residual
contamination that remains at the site.

5.1.2.2 Reduction of Toxicity, Mobility, or Volume through Treatment

The evaluation criterion concerns the statutory preference for remedies that employ treatment to reduce the
toxicity, mobility, or volume of the hazardous substances. The preference is satisfied when treatment is used to
reduce the principal threats at a site through destroying toxic contaminants, reducing contaminant mobility, or
reducing the total mass or total volume of contaminated media. The criterion is specific to evaluating only how
the treatment reduces toxicity, mobility, or volume.

5.1.2.3 Short-Term Effectiveness

The criterion focuses on short-term impacts of the remedial alternatives by examining the effects of alternatives
on human health and the environment between the time the remedy is implemented and RAOs are met. As
outlined by USEPA (1988), the criterion includes four analysis factors: (1) protection of the community during
remedial actions, (2) protection of workers during remedial actions, (3) environmental impacts, and (4) time until
remedial response objectives are achieved.

Protection of the Community during Remedial Action

The factor addresses any risk that results from implementing the alternative, such as dust from excavation,
transportation of hazardous materials, or air quality impacts from remedial operations that may affect human health.

Protection of Workers during Remedial Action
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The factor assesses threats posed to workers and the effectiveness and reliability of protective measures that
would be taken.

Environmental Impacts

The factor addresses the potential adverse impacts that may result from implementing and operating a remedial
alternative and evaluates the reliability of available mitigation measures. Although protection of human health
and the environment is a threshold criterion in the feasibility study process, the factor addresses the overall
environmental impact of implementing the remedial alternative.

Sustainability

Sustainability is not one of the nine evaluation criteria. However, when comparing alternatives, opportunities for
green and sustainable solutions are being considered to reduce the environmental footprint of remedy
components and consider the overall net environmental and social (as worker safety) impact. A comparative
sustainability analysis was prepared for Revision 4 of the FFS using SiteWise™ Version 2.0 (Battelle 2011).

SiteWise™ is a stand-alone qualitative tool that assesses the environmental footprint of remedial actions in terms
of a consistent set of sustainability metrics: greenhouse gas (GHG) emissions, energy use, criteria air emissions
(including nitrogen oxides [NOXx], sulfur oxides [SOx], and particulate matter less than 10 microns in diameter
[PMy,]), water consumption, and worker safety. SiteWise™ provides a comparative assessment of different
remedial alternatives based on significant life-cycle impacts of each alternative, including material production (for
example, steel, ZVI, etc.); transportation of equipment, personnel, and materials to and from the site; equipment
use during implementation; and electricity use.

5.1.2.4 Implementability

The implementability criterion relates to the technical and administrative feasibility of executing an alternative
and the availability of various services and materials required during its implementation. Technical feasibility
includes construction, operation, reliability of technology, ease of undertaking additional remedial action, and
monitoring. Administrative feasibility refers to the activities needed to coordinate with other offices and agencies
(for example, local permits). Availability of services and materials includes the following: availability of adequate
offsite treatment, storage capacity, and disposal services; necessary equipment and specialists; services and
materials; and prospective technologies.

5.1.2.5 Cost

For the detailed cost analysis of alternatives, cost estimates were developed with an accuracy of -30 percent to
+50 percent. The estimates were prepared in 2011 dollars and based on a conceptual design from information
available at the time the FFS was prepared. Actual costs will depend on the final scope and design of the selected
remedial action, the implementation schedule, competitive market conditions, and other variables. Most of the
factors are not expected to affect the relative cost differences between alternatives. Present-worth analyses were
conducted for remedial actions with more than a 1-year implementation time frame. A discount factor of

3.1 percent was used. Cost estimates for each alternative are provided in Appendix C.

5.1.3 Modifying Criteria

The modifying criteria are community and state acceptance. These are evaluated following public comment and
are used to modify the selection of the recommended alternative. Community and state acceptance are not
addressed in the FFS but will be addressed during the Proposed Plan phase of the CERCLA process for Plume 2.

5.2 Performance Monitoring

The performance of any of the proposed remedial alternatives is usually evaluated on a periodic basis (at least
once every 5 years after initiating action or, if the operation is less than 5 years, at the end of remedial action)
until it is determined that contaminants no longer pose a threat to human health and the environment. Based on
each review, called a “5-year review,” a report is typically prepared that evaluates the performance of the system
and recommends either operational changes, a significant modification of the remedy, or an application for ARAR
waivers, if necessary. If a significant modification of the remedy is required, a ROD amendment or an ESD may be
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necessary before it can be implemented. For example, if an innovative technology has been found to be
applicable to the site, it may be included in the remedial action.

Performance monitoring and treatability studies would provide actual data regarding projected remediation
periods and residual risks associated with the various remedial alternatives. Before obtaining these data, residual
risk is very difficult to estimate.

5.3 Comparative Analysis of Remedial Alternatives

Based on the analysis of each remedial alternative to the evaluation criteria, an analysis is performed to compare
the relative performance of the five alternatives in relation to each specific evaluation criterion.

5.3.1 Overall Protection of Human Health and Environment

All alternatives are protective of human health and the environment. Although LUCs are in place for CONWR
prohibiting installation of production wells, Alternative 1 is not as protective as the remaining alternatives
because it does not include source area treatment or long-term management of the dissolved TCE groundwater
plume. Alternative 5 is not as protective as Alternatives 2 through 4 because it does not include source area
treatment. Alternatives 2 through 4 are nearly equal in protecting human health and the environment through
the use of source area treatment, long-term management, and LUCs.

5.3.2 Compliance with ARARs

Alternatives 2 through 5 comply with the action-, chemical-, and location-specific ARARs. Alternative 1 does not
comply with the groundwater monitoring requirements of RCRA (40 CFR 264, Subpart F). The RTFs for
Alternatives 2 through 5 (Section 5.3.3) are the range of RTFs estimated to achieve compliance with the
chemical-specific ARAR, 35 IAC Part 620—Groundwater Quality, Subpart D, Section 620.410. With Alternative 1,
the absence of groundwater monitoring precludes the ability to monitor changes in groundwater quality
standards and the plume geometry relative to the LUC boundaries.

5.3.3 Long-Term Effectiveness and Permanence

Alternatives 1 and 5 will take much longer than the remaining alternatives to provide long-term effectiveness and
permanence because high TCE concentrations detected at the soil and bedrock interface within the target treatment
zones will continue to diffuse into groundwater. Alternatives 2 through 4 provide long-term effectiveness and
permanence in a shorter duration through a combination of source area treatment and natural attenuation
processes.

Numerical modeling was used to evaluate Alternatives 1 through 5 and to assess RTFs. An estimated TCE half life
of 5, 10, and 20 years was assumed as part of the modeling effort to estimate a remedial timeframe range. Details
of the modeling results are provided in Appendix B. Based on numerical modeling, the overall RTFs for each of the
alternatives are as follows:

e Alternative 1—greater than 500 years
e Alternative 2—75 to 280 years
e Alternative 3—75 to 280 years
e Alternative 4—75 to 280 years
e Alternative 5—greater than 500 years

The size of the dissolved TCE plume is the driver for the overall RTF. Alternatives 2 through 4 assume an active
source area RTF of less than 1 year. However, the active and overall RTFs are only an estimate. Variability in the
site-specific geologic and hydrogeologic conditions and chemical fate and transport that cannot be completely
accounted for in the modeling may affect the RTFs for each alternative.

Regardless as to whether source area treatment is implemented or not, computer modeling indicates dissolved
TCE mass will slowly attenuate in groundwater outside the target treatment zone. With Alternatives 2 through 4,
the numerical model estimates the leading edge of the plume will continue to expand downgradient in a similar
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manner to Alternatives 1 and 5 until natural attenuation has sufficiently reduced TCE mass flux across the plume.
When this occurs, the leading edge of the dissolved TCE plume will regress.

5.3.4 Reduction of Toxicity, Mobility, and Volume

The more active the treatment, the more reduction of toxicity, mobility, and volume is obtained. Although all
alternatives rely on natural attenuation to reduce toxicity, mobility, and volume of sorbed and dissolved TCE
mass, Alternatives 2 through 4 will reduce toxicity, mobility, and volume of TCE detected in the target treatment
zones further than Alternatives 1 and 5. Because of benching and sloping required to reach the target excavation
depth, Alternative 2 will result in the excavation and disposal of a larger volume of soil outside the limits of the
target treatment zones containing TCE mass than the volume of soil targeted in situ by Alternatives 3 and 4. The
modeling assumed 99 percent source removal within the target treatment zone within a 1-year active RTF for
Alternatives 2 through 4.

5.3.5 Short-Term Effectiveness

Alternative 2 had the highest GHG, total energy, criteria air pollutants (NOx and PMy,), and accident risk footprints
compared with Alternatives 3 and 4. Transportation of hazardous and non-hazardous soil from the site to landfills
and backfill from borrow sources to the site were the major contributors to all footprints for Alternative 2.
Assuming a soil bulk density of 1.69 tons per cubic yard and material will be transported in 20 ton loads, it would
require approximately 2,069 truckloads to transport soil offsite (466 truckloads of hazardous soil and

1,603 truckloads of nonhazardous soil). Backfill would require 5 truckloads of mulch, 5 truckloads of gravel, and
1,397 truckloads of borrow soil. Alternative 2 poses the highest risk footprint to both onsite workers and the
community because of the volume of traffic transporting hazardous and non-hazardous waste from the
excavation area to disposal facilities.

Alternative 3 had the lowest footprints in all categories because of the relatively short duration of onsite work
(2 weeks of onsite construction time compared with an estimated 29 weeks for Alternative 2 and an estimated
10 weeks for Alternative 4) and the relatively small amount of materials manufactured and transported to the site.

Alternative 4 had medium GHG, total energy, and NOx footprints and high water usage and SOx footprints
primarily due to emissions and water use from electricity used to power the system. The estimated power usage
for Alternative 4 is 1,083,000 kilowatt-hours.

Alternatives 2 through 4 could also result in the generation of nuisance noise and odors to facility workers in the
immediate area.

5.3.6 Implementability

Alternatives 1 and 5 are easily implemented technically. All of the alternatives evaluated in this FFS are easily
implemented administratively.

Alternative 2 is technically feasible for removal of source area soil. However the depth of this excavation and
presence of site encumbrances makes this alternative more difficult to implement than the other alternatives. The
proximity of Building I-1-2 to one of the excavation areas and the depth to bedrock in the other two excavation areas
requires soldier piles to be drilled into bedrock and lagging shoring to support the excavation sidewall parallel to
Building I-1-2 and to support the excavation on two sides in the other two areas. The excavation depth will require
the remaining sidewalls to be benched and sloped in a manner that results in the over-excavation and disposal of a
volume of soil outside the target treatment zone limits that would not require disposal or treatment under
Alternatives 3 and 4. The target excavation depth extends well below the water table, presenting excavation stability
hazards and technical challenges that could limit the feasibility to effectively complete the excavation to the target
limits. Excavation activities associated with Alternative 2 will require more time to implement than soil mixing
operations associated with Alternative 3 due to the logistics associated with excavating, handling, and transporting a
large volume of soil.

Alternative 3 is technically feasible and not as logistically challenging as Alternatives 2 and 4 to implement. Soil
mixing operations associated with Alternative 3 will require less time to implement than excavation activities
associated with Alternative 2 and construction, operation, and maintenance activities associated with
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Alternative 4. The soil within the mixing area could remain structurally unstable for months to years following
completion of soil mixing activities. The soil mixing area will need to be fenced off to prevent unauthorized access
to or constructing on top of the soil mixing area before the soil has had time to stabilize.

Alternative 4 is technically feasible to implement at this site. Unlike the other alternatives, Alternative 4 will
require installation of a power drop and transformer. A minimum lead time of 2 to 3 months is recommended to
coordinate installation of electric utilities. Unlike Alternatives 2 and 3, follow-on maintenance of the remediation
system will be required. Following active treatment and shutting down the system, the subsurface will need a
cooling period before the system can be decommissioned. After adequate time has passed, the process
equipment will be demobilized and the associated infrastructure (for example, wells, etc.) will need to be
abandoned.

5.3.7 Cost

A cost estimate with an accuracy of -30 percent to +50 percent has been prepared for Alternatives 2 through 5.
Vendors were consulted as necessary to obtain unit rates for excavation, soil mixing, and thermal treatment
activities. Present worth costs were calculated using a discount factor of 3.1 percent and account for capital costs
to implement the alternative plus 30 years of long-term management costs. Capital costs and present worth costs
are presented in Tables 5-1 through 5-5. A detailed summary of the cost estimates and present worth calculations
for each alternative is provided in Appendix C.

5.4 Comparative Analysis Summary

Table 5-7 presents a summary of the comparative analysis for Alternatives 1 through 5. As shown in the table,
Alternatives 2 through 5 meet the threshold criteria of protectiveness of human health and the environment and
compliance with ARARs. Alternative 1 does not meet the threshold criteria. According to the provisions of the
NCP, Alternatives 2 through 5 can be evaluated further using the balancing criteria, and Alternative 1 cannot be
evaluated further.

Alternatives 2 through 4 are equivalent when evaluating the balancing criteria of long-term effectiveness and
permanence and reduction in toxicity, mobility, and volume through treatment. Alternative 5 does not meet the
reduction of toxicity, mobility, and volume criteria because the alternative does not include source area
treatment. This results in the remedial timeframe for TCE to reach the MCL under Alternative 5 being significantly
longer than the timeframes estimated for Alternatives 2 through 4.

The balancing criteria that differentiate Alternatives 2 through 4 are short-term effectiveness, implementability,
and cost. Alternative 2 is the most difficult to implement of the three alternatives because of the logistics required
to excavate, transport, and backfill soil to the required target treatment depth. Additionally, Alternative 2 poses
the highest risk to workers and the community and results in the highest environmental footprint due to the large
quantity of haul trucks required to transport hazardous and non-hazardous soil to licensed disposal facilities and
backfill materials on public roads and highways. Alternatives 3 and 4 are equally complex in terms of
implementability, but Alternative 4 requires installation of an electric utility line and maintenance of the process
equipment during the time at which the thermal conductive heating system is operating. In terms of present
value, Alternative 3 is less costly than Alternatives 2 and 4.
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TABLE 5-7
Comparative Analysis of Alternatives
Focused Feasibility Study for Plume 2 at PCB OU Site 33, Crab Orchard National Wildlife Refuge, Marion, Illinois

Long-term Reduction in
Compliance Effectiveness TMV through Short-term Present Value Cost
Remedial Alternatives Protectiveness with ARARs and Permanence Treatment Effectiveness  Implementability  (millions of dollars)
Alternative 1: No Action Yes No Yes No Yes Easy $0.00
Alt tive 2: E ti d Long-T -
ernative Xcavation and Long-1erm Yes Yes Yes Yes Yes Difficult $9.96
Management
Alternative 3: Soil Mixing with Zero Valent Yes Yes Yes Yes Yes Moderate $1.27
Iron and Long-Term Management
Alternative 4: Thermal Conductive Heatin
W uetv ng Yes Yes Yes Yes Yes Moderate $3.96
and Long-Term Management
Alternative 5: Long-Term Management Yes Yes Yes No Yes Easy $0.34

ARAR = Applicable or Relevant and Appropriate Requirement

TMV = Toxicity, Mobility, and Volume
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TABLE 5-1
Evaluation of Alternative 1—No Action

Focused Feasibility Study for Plume 2 at PCB OU Site 33, Crab Orchard National Wildlife Refuge, Marion, Illinois

Criteria

Alternative Evaluation

1. Overall protection of human health and the environment

2. Compliance with ARARs

3. Long-term effectiveness and permanence
(a) Magnitude of residual risks

(b) Adequacy and reliability of controls

4. Reduction in TMV
(a) Treatment process used and materials treated
(b) Degree and quantity of TMV and volume reduction
(c) Irreversibility of TMV reduction
(d) Type and quantity of treatment residuals

5. Short-term effectiveness
(a) Protection of workers during remedial action
(b) Protection of community during remedial action

(c) Environmental impacts of remedial actions
(d) Time to reach RAOs

(e) Sustainability

This alternative will provide protectiveness through degradation of the TCE plume via natural
attenuation. Existing LUCs implemented prohibit installation of production wells within the
boundaries of the former IOP at CONWR.

Does not comply with the groundwater monitoring requirements of RCRA (40 CFR 264, Subpart F).

Based on site soil and groundwater data, computer modeling indicates untreated NAPL and sorbed
and dissolved TCE mass will persist in the source and dissolved portions of the plume, respectively.
The leading edge of the plume will expand downgradient until natural attenuation has sufficiently
reduced TCE mass flux across the plume, ultimately resulting in regression of the plume leading
edge.

This alternative appears to be capable of meeting RAOs for the TCE plume. However, the
alternative does not include monitoring to confirm controls (LUCs) are maintained until RAOs have
been achieved

Natural attenuation.

Contaminant TMV of the TCE plume is expected to slowly decrease with time.
Irreversible.

None.

Not applicable.

Alternative is protective of community as the TCE plume is not expected to migrate beyond the IOP
boundary. Existing LUCs implemented prohibit the use and installation of production wells within
the IOP boundary.

Not applicable.

Groundwater modeling results estimate TCE degradation to MCLs will not occur for > 500 years
(assuming a TCE half-life of both 10 and 20 years).

Not applicable.
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TABLE 5-1
Evaluation of Alternative 1—No Action

Focused Feasibility Study for Plume 2 at PCB OU Site 33, Crab Orchard National Wildlife Refuge, Marion, Illinois

Criteria

Alternative Evaluation

6. Implementability
(a) Technical feasibility
(b) Administrative feasibility
(c) Availability of services and materials

7. Costs

Not applicable.
Not applicable.
Not applicable.

Capital Cost: $0
Present Worth Cost: SO

NOTES:

ARAR = Applicable or Relevant and Appropriate Requirement
CONWR = Crab Orchard National Wildlife Refuge

I0P = lllinois Ordnance Plant

LUC = Land Use Control

MCL = Maximum Contaminant Level

RAO = Remedial Action Objective
TCE = Trichloroethene
TMV = Toxicity, Mobility, and Volume
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TABLE 5-2
Evaluation of Alternative 2—Excavation and Long-Term Management
Focused Feasibility Study for Plume 2 at PCB OU Site 33, Crab Orchard National Wildlife Refuge, Marion, Illinois
Criteria Alternative Evaluation
1. Overall protection of human health and the environment This alternative will provide protectiveness through NAPL zone soil removal and degradation of
the dissolved TCE plume via natural attenuation. Existing LUCs implemented prohibit installation
of production wells within the boundaries of the former IOP at CONWR.

2. Compliance with ARARs Complies with ARARs
3. Long-term effectiveness and permanence
(a) Magnitude of residual risks Based on site soil and groundwater data, computer modeling indicates residual sorbed and
dissolved TCE mass will slowly attenuate outside the target treatment zone. The leading edge of
the plume will continue to expand downgradient until natural attenuation has sufficiently reduced
TCE mass flux across the plume, which will ultimately result in regression of the leading edge of
the plume.

Untreated soil excavated from NAPL zone will be transported to an offsite disposal facility,
thereby transferring risk from the site to the disposal facility.

(b) Adequacy and reliability of controls This alternative appears to be capable of meeting RAOs for the TCE plume. LUCs will need to
remain in place and monitoring will need to be conducted to confirm controls are maintained
until RAOs have been achieved.

4. Reduction in TMV

(a) Treatment process used and materials treated Excavate soil from ground surface to bedrock (approximately 33 feet bgs) within the defined
target treatment zone. Excavation of soil outside target treatment zone will be required to
accomodate sloping of excavation sidewalls. Excavation will be backfilled with 4 feet of a
mulch/gravel mixture to promote biodegradation of residual TCE at soil/bedrock interface.
Following active remediation, natural attenuation will reduce residual TCE mass in the dissolved
plume. Long-term groundwater monitoring will be performed to monitor changes in TCE
concentrations and mass in the dissolved plume.

(b) Degree and quantity of TMV reduction Contaminant TMV will be reduced in the NAPL zone via soil removal. Modeling estimates that soil
removal in the NAPL zone will reduce the remediation timeframe by at least 220 to 355 years. A
99 percent effective source mass removal was assumed to model remedial timeframes.

(c) Irreversibility of TMV reduction Excavation will permanently remove TCE mass from the NAPL zone. Back diffusion may occur
between native soil containing residual TCE mass and clean backfill material.

(d) Type and quantity of treatment residuals Remediation wastes generated during active remediation and groundwater sampling will be

managed in accordance with ARARs. These wastes include excavated soil, excavation water, and
purged groundwater.

PAGE 10OF 3



TABLE 5-2
Evaluation of Alternative 2—Excavation and Long-Term Management
Focused Feasibility Study for Plume 2 at PCB OU Site 33, Crab Orchard National Wildlife Refuge, Marion, Illinois

Criteria Alternative Evaluation

5. Short-term effectiveness
(a) Protection of workers during remedial action Workers may be exposed to vapors during the excavation and handling of contaminated soil that
could require upgrade to higher levels of PPE. Additionally, there is inherent risk to workers in the
presence of excavation and hauling equipment. Due to the size of the excavation areas,
equipment and workers will be required to access the excavations; therefore, the excavations will
need to be sloped and shored in accordance with OSHA regulations to protect workers and
surrounding structures.

The protection of workers will be achieved by developing a health and safety plan and
implementing safe work procedures for excavation, injection, and groundwater sampling
activities.

(b) Protection of community during remedial action Disturbing and handling contaminated soil will volatilize VOCs and potentially produce odors
down wind of excavation operations within the facility.

Transportation of contaminated soil offsite and clean backfill onsite causes increased risks to the
facility and surrounding community from the high volume of construction. Assuming soil bulk
density is 1.69 tons per cubic yard and material will be transported in 20 ton loads, it would
require approximately 664 truckloads to transport soil offsite (85 truckloads of hazardous soil and
579 truckloads of non-hazardous soil). Backfill would require 3 truckloads of mulch, 5 truckloads
of gravel, and 656 truckloads of borrow soil. traffic.

(c) Environmental impacts of remedial actions This alternative will produce the highest volume of contaminated soil to be disposed at offsite
facilities. Groundwater removed during dewatering activities will be treated on site and
discharged to the East Swale (unless a closer alternate discharge point is identified).

Alternative 2 had the highest greenhouse gas, total energy, criteria air pollutants (NOx and
PM-10), and accident risk footprints compared with Alternatives 3 and 4.

(d) Time to reach RAOs Groundwater modeling results estimate TCE degradation to MCLs will not occur for roughly 145
to 280 years (assuming a TCE half-life of 10 and 20 years, respectively).
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TABLE 5-2
Evaluation of Alternative 2—Excavation and Long-Term Management
Focused Feasibility Study for Plume 2 at PCB OU Site 33, Crab Orchard National Wildlife Refuge, Marion, Illinois
Criteria Alternative Evaluation

6. Implementability
(a) Technical feasibility Alternative 2 is technically feasible for removal of soil in the NAPL zone. However the depth of

this excavation and presence of Building I-1-2 to the west makes this alternative more difficult to
implement than the other alternatives. The proximity of Building I-1-2 to the excavation requires
soldier piles to be drilled into bedrock and lagging shoring to support the excavation sidewall
parallel to the building. The excavation depth will require the remaining sidewalls to be sloped in
a manner that results in the over-excavation and disposal of soil outside the target treatment
zone limits. The target depths extend well below the water table, presenting excavation stability
hazards and technical challenges that could limit the feasibility to effectively excavate soil to the
target limits.

(b) Administrative feasibility Administratively feasible; alternative is anticipated to meet local, state, and federal requirements.
Additionally, LUCs are already being implemented within the IOP boundary at CONWR.

(c) Availability of services and materials Services and materials are readily available.

7. Costs Capital Cost: $2,815,000
Present Worth Cost: $3,062,000

NOTES:

ARAR = Applicable or Relevant and Appropriate Requirement
RAO = Remedial Action Objective

TCE = Trichloroethene

TMV = Toxicity, Mobility, and Volume
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TABLE 5-3

Evaluation of Alternative 3—Soil Mixing with Zero Valent Iron and Long-Term Management
Focused Feasibility Study for Plume 2 at PCB OU Site 33, Crab Orchard National Wildlife Refuge, Marion, Illinois

Criteria

Alternative Evaluation

1. Overall protection of human health and the environment

2. Compliance with ARARs
3. Long-term effectiveness and permanence
(a) Magnitude of residual risks

(b) Adequacy and reliability of controls

4. Reduction in TMV
(a) Treatment process used and materials treated

(b) Degree and quantity of TMV and volume reduction

(c) Irreversibility of TMV reduction

This alternative will provide protectiveness through NAPL zone soil treatment and degradation of
the dissolved TCE plume via natural attenuation. Existing LUCs implemented prohibit installation of
production wells within the boundaries of the former IOP at CONWR.

Complies with ARARs

Based on site soil and groundwater data, computer modeling indicates residual sorbed and
dissolved TCE mass will slowly attenuate outside the target treatment zone. The leading edge of the
plume will continue to expand downgradient until natural attenuation has sufficiently reduced TCE
mass flux across the plume, which will ultimately result in regression of the leading edge of the
plume.

This alternative appears to be capable of meeting RAOs for the TCE plume. LUCs will need to remain
in place and monitoring will need to be conducted to confirm controls are maintained until RAOs
have been achieved.

Implement ZVI soil mixing in the defined target treatment zone at depths ranging from 3 to 33 feet
bgs (bedrock). Shallower soil will be excavated and bermed to form containment around the soil
mixing area. ZVI will reduce VOC toxicity and volume in soil in the NAPL zone. The mixing process
and addition of bentonite will convert the treatment area into a homogenous mass with low
hydraulic conductivity, reducing the TCE mass flux into and out of the NAPL zone. Following active
remediation, natural attenuation will reduce residual TCE mass in the dissolved plume. Long-term
groundwater monitoring will be performed to monitor changes in TCE concentrations and mass in
the dissolved plume.

Contaminant TMV will be reduced in the NAPL zone via soil mixing. Modeling estimates that soil
removal in the NAPL zone will reduce the remediation timeframe by at least 220 to 355 years. A 99
percent effective source mass removal was assumed to model remedial time frames.

Irreversible. Permanent chemical destruction of VOCs occurs on contact during soil mixing.
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TABLE 5-3
Evaluation of Alternative 3—Soil Mixing with Zero Valent Iron and Long-Term Management
Focused Feasibility Study for Plume 2 at PCB OU Site 33, Crab Orchard National Wildlife Refuge, Marion, Illinois
Criteria Alternative Evaluation
(d) Type and quantity of treatment residuals Remediation wastes generated during active remediation and groundwater sampling will be
managed in accordance with ARARs. These wastes include groundwater driven off by soil mixing
activities and purged groundwater.

5. Short-term effectiveness
(a) Protection of workers during remedial action Workers may be exposed to vapors during the soil mixing process that could require an upgrade to
higher level PPE. Air emissions can be controlled by building a hood over the auger and capturing
and treating vapors from the mixing area. Additionally, there is inherent risk to workers in the
presence of the soil mixing equipment and tooling.

Worker protection will be achieved by developing a health and safety plan and implementing safe
work procedures for soil mixing and groundwater sampling activities.

(b) Protection of community during remedial action Soil mixing will volatilize TCE and potentially produce odors down wind of excavation operations
within the facility.
The mixed area is highly unstable after mixing has been completed. To adequately protect facility
personnel, a chain link fence will need to be established around the mixing area until the soil is
considered stable enough for use.

(c) Environmental impacts of remedial actions The mixing process and addition of ZVI-clay causes the soil to expand, which, if not properly
managed, may overflow and impact clean ground surface outside the bermed areas. Proper design
and construction of the bermed area will mitigate this scenario. Water generated by soil mixing
activities will be treated on site and discharged to the East Swale (unless a closer alternate
discharge point is identified).

Alternative 3 has the lowest greenhouse gas, total energy, criteria air pollutants (NOx and PM-10),
and accident risk footprints compared with Alternatives 2 and 4.

(d) Time to reach RAOs Groundwater modeling results estimate TCE degradation to MCLs will not occur for roughly 145 to
280 years (assuming a TCE half-life of 10 and 20 years, respectively).

6. Implementability
(a) Technical feasibility Soil mixing is technically feasible to treat VOCs.
(b) Administrative feasibility Administratively feasible; alternative is anticipated to meet local, state, and federal requirements.
Additionally, LUCs are already being implemented within the IOP boundary at CONWR.

(c) Availability of services and materials Services and materials are readily available but there is a limited number of vendors who perform
this work.
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TABLE 5-3
Evaluation of Alternative 3—Soil Mixing with Zero Valent Iron and Long-Term Management
Focused Feasibility Study for Plume 2 at PCB OU Site 33, Crab Orchard National Wildlife Refuge, Marion, Illinois

Criteria Alternative Evaluation

7. Costs Capital Cost: $773,000
Present Worth Cost: $1,019,000

NOTES:

ARAR = Applicable or Relevant and Appropriate Requirement
RAO = Remedial Action Objective

TCE = Trichloroethene

TMV = Toxicity, Mobility, and Volume
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TABLE 5-4

Evaluation of Alternative 4—Thermal Conductive Heating and Long-Term Management
Focused Feasibility Study for Plume 2 at PCB OU Site 33, Crab Orchard National Wildlife Refuge, Marion, Illinois

Criteria

Alternative Evaluation

1. Overall protection of human health and the environment

2. Compliance with ARARs
3. Long-term effectiveness and permanence
(a) Magnitude of residual risks

(b) Adequacy and reliability of controls

4. Reduction in TMV
(a) Treatment process used and materials treated

(b) Degree and quantity of TMV and volume reduction

(c) Irreversibility of TMV reduction

This alternative will provide protectiveness through NAPL zone soil treatment and degradation of
the dissolved TCE plume via natural attenuation. Existing LUCs implemented prohibit installation
of production wells within the boundaries of the former IOP at CONWR.

Complies with ARARs

Based on site soil and groundwater data, computer modeling indicates residual sorbed and
dissolved TCE mass will slowly attenuate outside the target treatment zone. The leading edge of
the plume will continue to expand downgradient until natural attenuation has sufficiently
reduced TCE mass flux across the plume, which will ultimately result in regression of the leading
edge of the plume.

NAPL skimmed off of condensate or groundwater extracted by the system will be containerized
and transported to an offsite treatment and disposal facility.

This alternative appears to be capable of meeting RAOs for the TCE plume. LUCs will need to
remain in place and monitoring will need to be conducted to confirm controls are maintained
until RAOs have been achieved.

Implement thermal conductive heating in the defined target treatment zone. Thermal conductive
heating will result in the treatment of soil ranging in depth from approximately 8 to 38 feet bgs to
provide effective remediation of the target treatment depths. Following active remediation,
natural attenuation will reduce residual mass in the dissolved TCE plume. Long-term groundwater
monitoring will be performed to monitor changes in TCE concentrations and mass in the
dissolved plume.

Contaminant TMV will be reduced in the NAPL zone via thermal conductive heating. Modeling
estimates that soil removal in the NAPL zone will reduce the remediation timeframe by at least
220 to 355 years. A 99 percent effective source mass removal was assumed to model remedial
time frames.

Thermal conductive heating permanently removes TCE mass from the NAPL source area.
However, following active remediation, back diffusion may occur between native soil outside the
target remediation zone with residual TCE mass and treated soil within the target treatment
zone.

PAGE 10OF 3



TABLE 5-4

Evaluation of Alternative 4—Thermal Conductive Heating and Long-Term Management
Focused Feasibility Study for Plume 2 at PCB OU Site 33, Crab Orchard National Wildlife Refuge, Marion, Illinois

Criteria

Alternative Evaluation

(d) Type and quantity of treatment residuals

5. Short-term effectiveness
(a) Protection of workers during remedial action

(b) Protection of community during remedial action

(c) Environmental impacts of remedial actions

(d) Time to reach RAOs

6. Implementability
(a) Technical feasibility

(b) Administrative feasibility

Remediation wastes generated during active remediation and groundwater sampling will be
managed in accordance with ARARs. These wastes include soil cuttings from drilling activities and
purged groundwater. Process vapor and liquids extracted from SVE wells will be treated using
GAC prior to discharge. Spent GAC will be sent offsite either to be regenerated or disposed as
waste.

Workers may be exposed to contaminated soil and groundwater during construction of the
remediation system. During operation, workers could potentially be exposed to contaminated
process vapor and liquids.

The protection of workers will be achieved by developing a health and safety plan and
implementing safe work procedures for construction and groundwater sampling activities.

During construction and system operation, establish exclusion zones, perform air monitoring,
and manage remediation waste material to minimize exposure and protect persons present near
the work area.

Process vapor treated by the remediation system will be discharged to atmosphere. Water
treated by the remediation system will be discharged to the East Swale (unless a closer alternate
discharge point is identified). Alternative 4 has higher greenhouse gas, total energy, criteria air
pollutants (NOx and PM-10), and accident risk footprints compared to Alternative 3, but lower
footprints in these categories than Alternative 2.

Groundwater modeling results estimate TCE degradation to MCLs will not occur for roughly 145
to 280 years (assuming a TCE half-life of 10 and 20 years, respectively).

Thermal conductive heating is technically feasible to treat VOCs. The local power company
indicated a sufficiently sized power feed should be available for a 300 kilowatt demand, but the
service may need to be temporarily upgraded to accommodate the additional load. Temporary
power poles would need to be installed to run power above-ground to the treatment equipment.
Following treatment, the power feed for the treatment system would need to be abandoned. On-
site operation and maintenance of the remediation system will be required after implementation
of the remedy for the duration during which the system is operated.

Administratively feasible; alternative is anticipated to meet local, state, and federal requirements.
Additionally, LUCs are already being implemented within the IOP boundary at CONWR.
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TABLE 5-4

Evaluation of Alternative 4—Thermal Conductive Heating and Long-Term Management
Focused Feasibility Study for Plume 2 at PCB OU Site 33, Crab Orchard National Wildlife Refuge, Marion, Illinois

Criteria

Alternative Evaluation

(c) Availability of services and materials

7. Costs

With exception of the power and sewer utilities, services and materials are readily available. A
minimum 2 to 3 month lead time is required to coordinate and provide electric utility service.

This method is patented and implemented by a single vendor.

Capital Cost: $2,669,000
Present Worth Cost: $2,915,000

NOTES:

ARAR = Applicable or Relevant and Appropriate Requirement
RAO = Remedial Action Objective

TCE = Trichloroethene

TMV = Toxicity, Mobility, and Volume

NAPL = Nonaqueous phase liquid
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TABLE 5-5

Evaluation of Alternative 5—Long-Term Management

Focused Feasibility Study for Plume 2 at PCB OU Site 33, Crab Orchard National Wildlife Refuge, Marion, Illinois

Criteria

Alternative Evaluation

1. Overall protection of human health and the environment

2. Compliance with ARARs
3. Long-term effectiveness and permanence
(a) Magnitude of residual risks

(b) Adequacy and reliability of controls

4. Reduction in TMV
(a) Treatment process used and materials treated
(b) Degree and quantity of TMV and volume reduction
(c) Irreversibility of TMV reduction
(d) Type and quantity of treatment residuals

5. Short-term effectiveness
(a) Protection of workers during remedial action

(b) Protection of community during remedial action

(c) Environmental impacts of remedial actions
(d) Time to reach RAOs

This alternative will provide protectiveness through long-term monitoring of ongoing degradation
of the dissolved TCE plume via natural attenuation. Existing LUCs implemented prohibit
installation of production wells within the boundaries of the former IOP at CONWR.

Complies with ARARs

Based on site soil and groundwater data, computer modeling indicates untreated NAPL and
sorbed and dissolved TCE mass will persist in the source and dissolved portions of the plume,
respectively. The leading edge of the plume will expand downgradient until natural attenuation
has sufficiently reduced TCE mass flux across the plume, ultimately resulting in regression of the
plume leading edge.

This alternative appears to be capable of meeting RAOs for the TCE plume. LUCs will need to
remain in place and monitoring will need to be conducted to confirm controls are maintained
until RAOs have been achieved.

Natural attenuation.

TMV of the TCE plume is expected to slowly decrease with time.

Irreversible.

Remediation wastes generated during groundwater sampling will be managed in accordance with
ARARs. These wastes include soil cuttings from drilling activities and purged groundwater.

The protection of workers will be achieved by developing a health and safety plan and
implementing safe work procedures for well construction and groundwater sampling activities.

Alternative is protective of community as the TCE plume is not expected to migrate beyond the
I0OP boundary. Existing LUCs implemented prohibit the use and installation of production wells
within the IOP boundary.

None

Groundwater modeling results estimate TCE degradation to MCLs will not occur for > 500 years
(assuming a TCE half-life of both 10 and 20 years).
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TABLE 5-5
Evaluation of Alternative 5—Long-Term Management
Focused Feasibility Study for Plume 2 at PCB OU Site 33, Crab Orchard National Wildlife Refuge, Marion, Illinois

Criteria Alternative Evaluation
6. Implementability
(a) Technical feasibility Technically feasible.
(b) Administrative feasibility Administratively feasible; LUCs are already being implemented within the IOP boundary at
CONWR.
(c) Availability of services and materials Services and materials are readily available.
7. Costs Capital Cost: $94,000

Present Worth Cost: $340,000

NOTES:

ARAR = Applicable or Relevant and Appropriate Requirement
RAO = Remedial Action Objective

TCE = Trichloroethene

TMV = Toxicity, Mobility, and Volume
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TABLE 5-6
ARARs for Remedial Alternatives

Focused Feasibility Study for Plume 2 at PCB OU Site 33, Crab Orchard National Wildlife Refuge, Marion, lllinois

ARAR

Type

Alternative 1:
No Action

Alternative 2:
Excavation and LTM

Alternative 3:
Soil Mixing with ZVI and LTM

Alternative 4:
Thermal Conductive Heating and LTM

Alternative 5:
LT™M

35 IAC Part 620 - Groundwater Quality, Subpart D, Section

620.410, Class | - Groundwater Standards’

Chemical

35 IAC Part 302, Subpart B - General Use Water Quality Standards, Chemical

specifically Part 302.208 and 302.1210"

16 USC 666 (f) and (g)-Crab Orchard Enabling Legislationz.

16 USC 668 (dd)-National Wildlife Refuge Administration Act’

16 USC 668(a)-Eagle Protection Act of 1940?

40 CFR 10.4 (b), (c) and (d)-Native American Graves Protection

and Repatriation Regulations3

16 USC 703-711 Migratory Bird Treaty Act of 1918, as amended’

40 CFR 122.41 and 122.44-Clean Water Act?

Location

Location

Location

Location

Location

Action

35 IAC Part 304, Subpart A-General Effluent Standards, specifically Action

304.102 - .141, for discharges to waters of the state’

35 IAC Part 305-Monitoring and Reporting, specifically Parts
305.102-.103, for discharges to waters of the state !

35 IAC Part 306. Subpart A-Systems Reliability, specifically part

306.102"

35 IAC Part 309, Subpart A-NPDES Permits’

40 CFR 123.25-Storm Water Permits -Clean Water Act and lllinois

Environmental Protection Act

35 IAC Part 704-UIC Permit Program; 35 IAC Part 730-

Underground Injection Control Operating Requirements1

40 CFR 50.6 and 50.12-National Ambient Air Quality Standards

(NAAQS)-Clean Air Act®

Action

Action

Action

Action

Action

Action

35 IAC Subtitle B-Air Pollution, Part 201-specifically Parts 201.141, Action

1143, .152-.165, .207-.210, .261-.265, .282-.283, .310-.312*>

40 CFR 51-99-Clean Air Act-including National Emission Standards Action

for Hazardous Air Pollutants (N ESHAPs)3

Not Achieved-No Action

Not Achieved-No Action

Not an ARAR

Not an ARAR

Not an ARAR

Not An ARAR

Not an ARAR

Not an ARAR

Not an ARAR

Not an ARAR

Not an ARAR

Not an ARAR

Not an ARAR

Not an ARAR

Not an ARAR

Not an ARAR

Not an ARAR

Achieve-Source area removal to achieve
compliance with groundwater quality
standards

Achieve-Source area removal to achieve
compliance with water quality standards

Achieve-Through the classification of lands

Achieve-Through designation of the site as
a wildlife refuge

Achieve-Field survey prior to implementing
action

Achieve-notification will be made, items
secured and protected and proper
disposition coordinated

Achieve-Migratory Bird Survey conducted
prior to implementing action

Achieve-effluent controls implemented
including monitoring and measuring

Achieve-effluent controls implemented
including monitoring and measuring

Achieve-effluent controls implemented
including monitoring and measuring

Not an ARAR as no water treatment works
or associated facilities would be
constructed

Not an ARAR (since no point source
discharge)

Achieve-implement erosion and sediment
controls during land disturbing activities

Not an ARAR (since no UIC)

Achieve-substantive controls implemented
during excavation and backfilling

Achieve-substantive controls implemented
during excavation and backfilling

Achieve-substantive controls implemented
during excavation and backfilling

Achieve-Source area hot spot in situ soil
treatment to achieve compliance with
groundwater standards

Achieve-Source area hot spot in situ soil
treatment to achieve compliance with
water quality standards

Achieve-Through the classification of lands

Achieve-Through designation of the site as
a wildlife refuge

Achieve-Field survey prior to implementing
action

Achieve-notification will be made, items
secured and protected and proper
disposition coordinated

Achieve-Migratory Bird Survey conducted
prior to implementing action

Achieve-effluent controls implemented
including monitoring and measuring

Achieve-effluent controls implemented
including monitoring and measuring

Achieve-effluents will be monitored and
measured

Achieve-water treatment works and
associated facilities designed to meet
operational standards
Achieve-substantive controls for point
source discharges

Achieve-implement erosion and sediment
controls during land disturbing activities

Achieve-requirements implemented during
the injection of zero valent iron (ZVI)
during soil mixing

Achieve-substantive controls implemented
during soil mixing and injection

Achieve-substantive controls implemented
during soil mixing and injection

Achieve-substantive controls implemented
during soil mixing, and injection

Achieve-Source area hot spot in situ soil
treatment, to achieve compliance with
groundwater standards

Achieve-Source area hot spot in situ soil
treatment to achieve compliance with
water quality standards

Achieve- Through the classification of lands

Achieve-Through designation of the site as
a wildlife refuge

Achieve-Field survey prior to implementing
action

Achieve-notification will be made, items
secured and protected and proper
disposition coordinated

Achieve-Migratory Bird Survey conducted
prior to implementing action

Achieve-effluent controls implemented
including monitoring and measuring

Achieve-effluent controls implemented
including monitoring and measuring

Achieve-effluents will be monitored and
measured

Achieve-water treatment works and
associated facilities designed to meet
operational standards
Achieve-substantive controls for point
source discharges

Achieve-implement erosion and sediment
controls during land disturbing activities

Not an ARAR (since no UIC)

Achieve-substantive controls implemented
during collection of vapors during soil
treatment

Achieve-substantive controls implemented
during collection of vapors during soil
treatment

Achieve-substantive controls implemented
during grading and collection of vapors
during soil treatment

Achieve-Natural Attenuation

Achieve-Natural Attenuation

Achieve- Through the classification of lands

Achieve-Through designation of the site as
a wildlife refuge

Not an ARAR

Not an ARAR

Not an ARAR

Not an ARAR (since no site preparation)

Not an ARAR (since no effluent discharges)

Not an ARAR (since no effluent discharges)

Not an ARAR (since no treatment system)

Not an ARAR (since no point source
discharge)

Not an ARAR (since no land disturbing
activities)

Not an ARAR (since no UIC)

Not an ARAR (no excavation)

Not an ARAR (no construction or
modifications)

Not an ARAR (no excavation)
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TABLE 5-6
ARARs for Remedial Alternatives
Focused Feasibility Study for Plume 2 at PCB OU Site 33, Crab Orchard National Wildlife Refuge, Marion, lllinois

Alternative 1:

Alternative 2:

Alternative 3:

Alternative 4:

Alternative 5:

ARAR Type No Action Excavation and LTM Soil Mixing with ZVI and LTM Thermal Conductive Heating and LTM LTM

35 |AC Part 212-Visible and Particulate Matter Emissions Action Not an ARAR Achieve-Dust controls will be implemented Achieve-Dust controls will be implemented Achieve-Dust controls will be implemented Not an ARAR (no construction activities)
during construction activities during construction activities during construction activities

35 JAC 235-Odor Control® Action Not an ARAR Achieve-odor controls will be implemented Achieve-odor controls implemented if Achieve-odor controls implemented if Not an ARAR (no construction activities)
if applicable applicable applicable

35 IAC Parts 900, 901 and 910-Noise® Action Not an ARAR Achieve-controls to comply with nuisance  Achieve-controls to comply with nuisance Achieve-controls to comply with nuisance Not an ARAR (no actions generating noise)
noise levels noise levels noise levels

40 CFR 262.34 and 264 Subparts B, C, |, J and L-Resource Action Not an ARAR Achieve-all waste to be characterized and Achieve-all waste to be characterized and Achieve-all waste to be characterized and Achieve-all waste to be characterized and

Conservation and Recovery Act (RCRA), Subtitle 1% managed in accordance with requirements managed in accordance with requirements managed in accordance with requirements managed in accordance with requirements

35 IAC Part 722-Standards Applicable to Generators of Hazardous Action Not an ARAR Achieve-characterize excavated material ~ Achieve -characterize excavated material  Achieve-characterize excavated material or Achieve-characterize waste materials

Waste® or other wastes other wastes

35 IAC Subtitle G-Waste Disposal, Specifically Parts 724 and 728" Action Not an ARAR Achieve-during management of hazardous Achieve-during management of hazardous Achieve - during management of hazardous Achieve- during management of hazardous
waste waste waste waste

35 IAC Parts 720 to 723, 725 to 727, and 729-Hazardous Waste Action Not an ARAR Achieve-characterize all waste to identify ~ Achieve-characterize all waste to identify ~ Achieve-characterize all waste to identify ~ Achieve-characterize all waste to identify

Management Requirements® and manage appropriately as hazardous and manage appropriately as hazardous and manage appropriately as hazardous and manage appropriately as hazardous
wastes wastes wastes wastes

35 IAC Part 808-Special Waste Classifications’ Action Not an ARAR Achieve-wastes will be characterized to Achieve- wastes will be characterized to Achieve-wastes will be characterized to Achieve-wastes will be characterized to
determine if special wastes are generated determine if special wastes are generated determine if special wastes are generated determine if special wastes are generated

40 CFR 268-RCRA Land Disposal Restrictions? Action Not an ARAR Achieve-waste characterization will include Achieve-waste characterization will include Achieve-waste characterization will include Achieve-wastes generated during LTM will
LDR determination LDR determination LDR determination be characterized which will include LDR

determination

40 CFR Part 264, Subpart G-Closure and Post-Closure-RCRA, Action Not an ARAR Achieve-excavation to continue until meets Achieve-excavation to continue until meets Achieve-excavation to continue until meets Not an ARAR-no excavation

Subtitle C* clean closure standard clean closure standard clean closure standard

35 IAC Part 724 Design Requirements-Owners and Operators of ~ Action Not an ARAR Achieve-designs meet more stringent State Achieve-designs meet more stringent State Achieve-designs meet more stringent State Not an ARAR--no construction of an action

Hazardous Waste Treatment, Storage and Disposal Facilities’ requirements requirements requirements

40 CFR 264.114-Disposal or Decontamination of Equipment-RCRA, Action Not an ARAR Achieve-equipment, structures and soils Achieve-equipment, structures and soils Achieve-equipment, structures and soils Achieve-equipment, structures and soils

Subtitle C* will be decontaminated or disposed of as a will be decontaminated or disposed of as a will be decontaminated or disposed of as a will be decontaminated or disposed of as a
hazardous waste if they come into contact hazardous waste if they come into contact hazardous waste if they come into contact hazardous waste if they come into contact
with hazardous waste with hazardous waste with hazardous waste with hazardous waste

35 |AC Part 724, Decontamination? Action Not an ARAR Achieve-equipment, structures and soils Achieve-equipment, structures and soils Achieve-equipment, structures and soils Achieve-equipment, structures and soils
will be decontaminated or disposed of as a will be decontaminated or disposed of as a will be decontaminated or disposed of as a will be decontaminated or disposed of as a
hazardous waste if they come into contact hazardous waste if they come into contact hazardous waste if they come into contact hazardous waste if they come into contact
with hazardous waste with hazardous waste with hazardous waste with hazardous waste

40 CFR Part 264, Subpart F-Groundwater Monitoring-RCRA, Action Not an ARAR Achieve - monitoring and maintenance Achieve- monitoring and maintenance Achieve- monitoring and maintenance Achieve- monitoring and maintenance

Subtitle C°

40 CFR 241.204-Groundwater and Leachate Monitoring-Solid Action Not an ARAR Achieve - monitoring and maintenance Achieve - monitoring and maintenance Achieve - monitoring and maintenance Achieve - monitoring and maintenance

Waste Disposal Act as amended by RCRA Subtitle D?

35 IAC Part 807-Groundwater and Leaching monitoringz Action Not an ARAR Achieve - monitoring and maintenance Achieve - monitoring and maintenance Achieve - monitoring and maintenance Achieve - monitoring and maintenance

35 IAC Parts 807, 809 and 810-Solid Waste and Special Waste Action Not an ARAR Achieve-waste will be characterized to Achieve-wastes will be characterized to Achieve-wastes will be characterized to Achieve-wastes will be characterized to

Hauling3 determine if special wastes are generated determine if special wastes are generated determine if special wastes are generated determine if special wastes are generated

40 CFR 761.65-Storage Requirements, Toxic Substances Control  Action Not an ARAR Achieve-excavated material characterized, Achieve-excavated material characterized, Achieve-excavated material characterized, Not an ARAR-no excavated material

Act (TSCA)?

managed and stored

managed and stored

managed and stored
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TABLE 5-6
ARARs for Remedial Alternatives

Focused Feasibility Study for Plume 2 at PCB OU Site 33, Crab Orchard National Wildlife Refuge, Marion, lllinois

ARAR Type

Alternative 1:

Alternative 2:
Excavation and LTM

Alternative 3:
Soil Mixing with ZVI and LTM

Alternative 4:
Thermal Conductive Heating and LTM

Alternative 5:
LT™M

40 CFR 761.79-Decontamination Standards and Procedures, TSCA? Action

49 CFR 100-109-Hazardous Materials Transportation Act® Action
EPA's Risk Assessment Guidance for Superfund" Action
US EPA's Superfund Remedial Design and Remedial Action Action
Guidance

US EPA's Technical Enforcement Guidance Document® Action

USEPA's Design Standards for RCRA Subtitle D Landfills (including Action
any proposed revisions available before the remedial design)*

State of Illinois Waste Management Facilities Design Criteriat Action
State of Illinois Monitoring Well Construction and Installation Action
Criteria®

Not an ARAR

Not an ARAR

Not an ARAR

Not an ARAR

Not an ARAR

Not an ARAR

Not an ARAR

Not an ARAR

Achieve-equipment, structures and soils
will be decontaminated or disposed of as a
TSCA waste depending on the results of
chemical analyses

Achieve-Labeling, packaging, shipping
papers, and mode of transportation will
meet USDOT requirements

Achieve-used during risk assessment

Achieve-used during remedial alternative
design and implementation

Achieve-used by Regulatory Agencies

Achieve-design standards used during
remedial design

Achieve-design standards used during
remedial design

Achieve-equipment, structures and soils
will be decontaminated or disposed of as a
TSCA waste depending on the results of
chemical analyses

Achieve-Labeling, packaging, shipping
papers, and mode of transportation will
meet USDOT requirements

Achieve-used during risk assessment

Achieve-used during remedial alternative
design and implementation

Achieve-used by Regulatory Agencies

Achieve-design standards used during
remedial design

Achieve-design standards used during
remedial design

Achieve-equipment, structures and soils
will be decontaminated or disposed of as a
TSCA waste depending on the results of
chemical analyses

Achieve-Labeling, packaging, shipping
papers, and mode of transportation will
meet USDOT requirements

Achieve-used during risk assessment

Achieve-used during remedial alternative
design and implementation

Achieve-used by Regulatory Agencies

Achieve-design standards used during
remedial design

Achieve-design standards used during
remedial design

Achieve-equipment, structures and soils
will be decontaminated or disposed of as a
TSCA waste depending on the results of
chemical analyses

Achieve-Labeling, packaging, shipping
papers, and mode of transportation will
meet USDOT requirements

Achieve-used during risk assessment

Not an ARAR since no Remedial Design or
Remedial Action

Achieve-used by Regulatory Agencies

Not an ARAR

Not an ARAR

Achieve-wells constructed and installed per Achieve-wells constructed and installed per Achieve-wells constructed and installed per Achieve-wells constructed and installed per

state criteria

state criteria

state criteria

state criteria

! ARAR is from Revision 3, Focused Feasibility Study (FFS) for Crab Orchard National Wildlife Refuge, PCB OU, Sites 32/33, Marion lllinois, Final August 2004

2 ARAR is from ROD for the PCB OU (per FFS Revision 3)

3 ARAR is from FFS, Revision 4 Plume 2 at PCB OU Site 33, Crab Orchard, National Wildlife Refuge, Marion lllinois, July 2012
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SECTION 1

Introduction

This investigation report presents the findings of the supplemental site characterization investigation for volatile
organic compound (VOC) groundwater Plume 2 and the associated soil VOC source at Crab Orchard National
Wildlife Refuge (CONWR) in Marion, Illinois (Figure 1-1). The investigation is an interim step in the selection of the
remedial alternative for the plume, which is part of the PCB Areas Operable Unit (PCB OU). Plume 2 is located
within an industrial area south of Crab Orchard Lake (Figure 1-2).

1.1 Purpose and Scope

The purpose of the investigation was to collect sufficient data to update the conceptual site model (CSM) related
to VOC contamination in groundwater and soil for Plume 2. The CSM will be used in support of the development
of remedial action alternatives to address the VOCs in dissolved phase groundwater and its associated source.

Plume 2 emanates from two distinct source areas that are discussed separately in portions of this report—one
near Building I-1-2 and one near Building I-1-3. The source areas are close together, but there is a physical gap of
over 200 feet between the impacted zones. The gap coincides with a former manufacturing building that was
located between Buildings I-1-2 and I-1-3. Previous investigations concluded that the releases that caused the
VOC soil contamination occurred outside of the building rather than within or beneath it (RMT 2001).

1.2 Investigation Objectives

The following objectives were established to meet the purpose of the investigation:
1. Update VOC groundwater data for Plume 2 by sampling existing monitoring wells within the vicinity of Plume 2.

2. Further investigate VOC contamination in groundwater in the Plume 2 source areas by collecting groundwater
grab samples to evaluate contaminant transport through the hydrostratigraphic units.

3. Identify the current characteristics of specific monitored natural attenuation (MNA) and water quality
parameters within Plume 2 to develop and evaluate remedial alternatives.

4. Confirm groundwater flow characteristics by collecting groundwater levels from existing groundwater
monitoring wells and piezometers and surface water levels from existing staff gauges.

5. Further characterize the subsurface lithology and VOC concentrations in soil at potential source areas.
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1-1



Al
¥

(6]
' INDUSTRIAL'AR
1}&‘ BOUNDARY
£ \1\ (SITE 33)

SRR

e

orfs Kildhih e

ILLINOIS

$m e b
d (S
o i

SO Carbondale, IL & MO Quadrangle, 1085 FIGURE 1-1
West Frankfort, L., KY, & IN Quadrangle, 1987 Crab Orchard National Wildlife Refuge
Location Map

LEGEND A Supplemental Site Characterization Investigation
Crab Orchard N Report for Plume 2 at PCB OU Site 33
D National Wildlife Refuge 0 6,000 12,000 Crab Orchard National Wildlife Refuge
e |ndustrial Area Boundary  —— LN Marion, lllinois

RDD \BALDUR\PROJ\CRAB_ORCHARD_423535\MAPFILES\PLUME_2_SSCR\FIG1-1_SITE_LOCATION_SSCR.MXD MSCHROCK 12/29/2011 3:56:4gH2M H I LL



9

@ 33MWC-V
33MWC-02 @ /

pral

LAKE
CRAB ORCHARD EMBAYMENT
LAKE

Y

|

3BMWC-33 @~ -~

it

ﬁ,/

33MWC-24 @

33MW/C-12
33MWC-35

- Qo ~ °
| ~ . : ==
33MWC-44 © 33MWC-45
M;Qﬂéf ! f f_\
= — ,/h\ﬂ__ - p—

A_——_\,\/_’_’_/J_a?—

— = "5; — MAIN :I'DAN;(‘F ROAD - : — HIGHWAY 148 — ré — : : = : “: ‘ = :
) / / ;5 Lt 7 r M se4 ?;ZM
] . i o I —

LEGEND
~ == | |ndustrial Area Boundary — Surface Water Notes:
4 [ |Buildings ~ Topographic Contour (Index) 1. Topographic contours (one-foot interval) are from
Topographic Contour (Intermediate) aerial photographs taken on February 28, 2001.
Groundwater Plume Extent (Plume 2) o ) . -
0 200 400 @ Monitoring Well Location 2. Plume 2 extent is based on the 5 pg/L trichloroethene
e e Fcct O Staff Gauge concentration groundwater contour.

FIGURE 1-2

Plume 2 Investigation Area
Supplemental Site Characterization Investigation
Report for Plume 2 at PCB OU Site 33

Crab Orchard National Wildlife Refuge

Marion, lllinois

RDD \\BALDUR\PROJ\CRAB_ORCHARD_423535\MAPFILES\PLUME_2_SSCR\FIG1-2_INVESTIGATION_AREA_SSCR.MXD MSCHROCK 1/9/2012 12:45:48 PM

CH2MHILL—



SECTION 2

Site Background and Setting

2.1 Site Location and Description

CONWR is located in southern lllinois, approximately 5 miles west of Marion, lllinois, primarily in Williamson
County (Figure 1-1). CONWR currently covers an area of approximately 43,500 acres of forested land, pine
plantations, and cultivated lands and is managed by U.S. Fish and Wildlife Service (USFWS). Three lakes are
located within CONWR, including Crab Orchard Lake, a 9-mile-long, 7,000-acre manmade reservoir built in 1940.
The western portion of the refuge around Crab Orchard Lake is a recreational area while the eastern portion is a
wildlife sanctuary generally closed to the public. Land around the eastern portion of Crab Orchard Lake is used for
agriculture and industrial purposes, including munitions manufacturing. Plume2 is located in the industrial area
south of Crab Orchard Lake near Building I-1-1, 1-1-2, and 1-1-3 (RMT 2004).

2.2 Site Background

The PCB OU consists of four of the original study sites defined in the remedial investigation (RI) for the CONWR
Superfund Site. One of the four sites, Site 33 (Area 9 Building Complex), is addressed in this report. Three
groundwater contaminant plumes that contain chlorinated VOCs (cVOCs) have been identified as being sourced
from Site 33, and are named Plume 1, Plume 2, and Plume 3. Plumes 1 and 3 emanate from the Building I-1-23
area. Plume 2, the focus of this investigation, is sourced near Buildings I-1-2 and I-1-3 (Figure 1-2).

As required in the Record of Decision (ROD) for the PCB OU issued by U.S. Environmental Protection Agency (USEPA)
Region 5 in 1990, polychlorinated biphenyl (PCB) remedial actions were performed at Site 33 during late 1995
through June 1997. The actions included extensive excavation of soils containing elevated concentrations of PCBs
throughout the Site 33 area. PCB-affected sediment was removed from a nearby embayment of Crab Orchard Lake.
Additional soil excavation was conducted in 2009 in response to the USEPA 5-Year Review recommendations for
Sites 32/33 (RMT 2010). The groundwater plumes were discovered through the investigations associated with the
PCB releases.

A groundwater investigation report and focused feasibility study (FFS; RMT 2000a) was prepared. The reports
summarized the results of the previous investigations and evaluated containment, removal, treatment, and
disposal options to address the VOC plumes. The efforts included groundwater flow and contaminant transport
modeling to estimate the anticipated cleanup times associated with the six proposed cleanup alternatives, which
included the following:

e Alternative A—No Action

e Alternative B— MNA

e Alternative C—Phytoremediation

e Alternative D—In Situ Enhanced Bioremediation
e Alternative E—Multiple Phase Extraction (MPE)

e Alternative F—In Situ Physical/Thermal Removal

The document was revised to address agency comments and was reissued (Revision 1) and approved by USEPA.

In June 2000, USEPA issued an Explanation of Significant Differences for the PCB OU. The Explanation of
Significant Differences specified the remedy selected for additional source removal to address trichloroethene
(TCE) contamination in soil. The remedy would be a modified version of Alternative E, which added
phytoremediation and MNA to MPE at each of the three VOC source areas.
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A third phase of the investigation, a pre-design study, was planned in 2000 (RMT 2000b) and subsequently
approved and implemented. The pre-design study focused on characterization of the aquifer physical parameters to
better determine the design of MPE systems and to obtain soils data to evaluate the suitability of the sites to
support tree growth. The pre-design study included pilot tests and detailed analyses on the nature and extent of
groundwater contamination and also provided conceptual designs for the proposed remedies. The pre-design
documents were subsequently amended to provide estimates of the residual contaminant mass and simulated
removal estimates for the proposed remedies (RMT 2001).

The pre-design fieldwork determined that MPE may be inadequate to effectively remove the VOC mass from the Upper
Clay unit without additional measures, which led to the evaluation of additional potential remedies with input from
USEPA, the lllinois Environmental Protection Agency (IEPA), the USFWS, and Schlumberger. Results of the evaluations
(RMT 2003), and subsequent revisions led to preparation of FFS Revision 3, which was issued in August 2004 (RMT
2004). FFS Revision 3 presented a detailed evaluation of the following remedial alternatives for Plume 2:

e No Action

e Alternative A—Limited Excavation and Multiphase Extraction with Pneumatic Fracturing
e Alternative B—Permeable Reactive Barrier

e Alternative C—Alternate Concentration Limits

e Alternative D—Excavation (within 10 milligrams per kilogram [mg/kg] VOC contour) and Alternate
Concentration Limits

e Alternative E—Excavation (within 10 mg/kg VOC contour), in situ Reductive Dechlorination with Pneumatic
Fracturing, and Alternate Concentration Limits

e Alternative F—Electrical Resistive Heating (within 10 mg/kg VOC contour) and Groundwater Monitoring

Alternative F was chosen as the preferred method and presented for public comment in a proposed plan and fact
sheet published by USEPA in April 2006. Subsequently, untenable safety concerns were expressed by some key
stakeholders, including the U.S. Department of the Interior and its tenant General Dynamics-Ordnance and
Tactical Systems (GDOTS), which stores explosives in adjacent Buildings I-1-1, I-1-2, and I-1-3. Therefore, USEPA
deferred a remedy for Plume 2. Because of the age of the data used in the remedy selection process,
Schlumberger conducted the supplemental site characterization investigation, as described in Section 3, before
proceeding with further study of remedial alternatives.

2.3 Site Setting

The site setting presented in the subsections below is based on the information presented in the Preliminary
Design Report for the Groundwater Remedial Action (RMT 2001). The supplemental site characterization
investigation findings that update the information in the subsections below are presented in Section 4 of this report.

2.3.1 Surface Water Hydrology

Surface water drainageways are present at several locations at the CONWR. Two of the drainageways are near
Site 33 (Figure 1-2). An intermittent stream originates near monitoring well 33-342 and flows west toward
Highway 148, and passes beneath Highway 148 through a culvert pipe. Staff gauges SG-4 and SG-5 are located
along the intermittent stream to measure surface water elevations southwest of Site 33, roughly 600 feet from
the industrial area boundary and on the western side of Highway 148, respectively (Figure 1-2). The East Swale
runs northward along the entire eastern boundary of Sites 32/33 and discharges to Crab Orchard Lake. Staff gauge
SG-8 is located along the Eastern Swale, roughly 800 feet from its upper reach to measure the surface water
elevation in the swale that ultimately discharges to Crab Orchard Lake (Figure 1-2). The intermittent stream and
swale are often dry in their upper reaches, except following rainfall events. The lower reaches appear to be
receiving groundwater inflow and are likely continuously flowing (RMT 2001).

2-2 ES010612182500MKE



SECTION 2—SITE BACKGROUND AND SETTING

2.3.2 Site Geology and Hydrogeology

The geologic setting at Site 33 is highly heterogeneous and consists of clayey fill, interbedded clay of loess origin
with fluvial sand and lacustrine silt, and underlain by glacial till and interbedded fluvial and glaciolacustrine clay.

There are four unconsolidated hydrostratigraphic units identified in the subsurface at Site 33: Upper Clay, Upper
Sand, Lower Clay, and Lower Sand. The Lower Sand layer is not continuous beneath Site 33; when present, it lies
directly above bedrock. When it is not present, the Lower Clay layer lies directly above bedrock, which is
Pennsylvanian-age sandstone.

The following is a brief synopsis of geologic and hydrogeologic information that is found in detail in the
Preliminary Design Report (RMT 2001).

2.3.2.1 Upper Clay Unit

The Upper Clay unit occurs from the ground surface to approximately 25 feet below ground surface (bgs). The clay
is fairly featureless and massive with varying amounts of silt, small gravel, and sand that sometimes form thin

(2- to 3-inch) lenses or seams. The clay is fractured throughout, but has low permeability overall. Some evidence
of laminar bedding has been observed in borings. The Upper Clay unit is believed to be a weathered loess and/or
glaciolacustrine deposit (RMT 2001).

2.3.2.2 Upper Sand Unit

The Upper Sand unit (where present) underlies the Upper Clay unit and measures up to 10 feet in thickness. The
unit thins to the east and is absent near Building I-1-2. The Upper Sand unit is mostly poorly sorted, fine sand. The
sand is clayey and silty with some rounded pebbles near the base of the unit. The Upper Sand unit is interpreted
to have been deposited in glaciofluvial environments or is glacial outwash (RMT 2001).

2.3.2.3 Lower Clay Unit

An interval of clay underlies the upper sand beneath the plumes. The contact is gradational with some intervals of
sand in the upper portion of the unit. The clay interval also contains abundant silt, but little sand and gravel. The
gravel includes angular clasts of the underlying sandstone and coal. The Lower Clay unit is characterized as
uniform in color (dark gray), composition, and texture (that is, massive with no sedimentary structure). The Lower
Clay unit is interpreted as being representative of lllinoisan till (RMT 2001).

2.3.2.4 Lower Sand Unit

The Lower Sand unit, where present, occurs immediately above the bedrock surface. The top of the Lower Sand
occurs at approximately 340 to 350 feet above mean sea level. This unit ranges from 10 to 20 feet thick in the
northern portion of the site beneath Crab Orchard Lake to approximately 2 feet thick in the southwestern portion
and is not present in the southern and southeastern portions where the bedrock surface rises above
approximately 350 feet above mean sea level. The Lower Sand unit is consistently logged as a silty sand. Hydraulic
conditions encountered during drilling in the Lower Sand unit caused sand to heave up inside the auger flights. As
a result, few undisturbed soil samples have been obtained from this unit. The unit is consistent with a glacial
outwash deposit (RMT 2001).

2.3.2.5 Bedrock

Bedrock encountered beneath the site primarily consists of Pennsylvanian-aged, fine-grained, micaceous
sandstone. Bedrock may also include shale and minor limestone and coal. The bedrock aquifer is highly variable in
terms of yield and water quality (USEPA 2007).

2.3.3 Groundwater

Wet conditions are often encountered at the surface near the buildings due to poor drainage and low
permeability of the surface soil. The natural, undisturbed subsurface material, however, does not indicate
saturated conditions for up to 20 feet unless an interval of sand or silt is encountered. The occurrence of sand or
silt increases with depth, but typically such intervals are rare in the upper 20 feet, but are encountered more
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often thereafter. The potentiometric surface is approximately 12 to 13 feet bgs. The mean permeability of the
clayey soil is 4.6 x 10 centimeters per second.

Groundwater beneath the site generally flows northward toward Crab Orchard Lake, but shallow groundwater (Upper
Clay/Upper Sand units) is affected locally by surface water drainageways and by the Area 9 Repository. Buildings I-1-1,
I-1-2, and |-1-3 are located upon a groundwater divide and shallow groundwater flows away radially from a local
groundwater high. The horizontal gradient is rather slight in the vicinity of Buildings I-1-1, I-1-2, and I-1-3, ranging from
0.003 to 0.006. There is an upward gradient in the shallower wells.

The groundwater plume and source areas are found within Quaternary-aged unconsolidated deposits that are
approximately 30 to 50 feet thick beneath Site 33.

2.3.4 Land Use

The western portion of the CONWR around Crab Orchard Lake is open to the public for recreational purposes
while the eastern portion of the CONWR is a wildlife sanctuary closed to general public access (RMT 2001). Some
of the land south of Crab Orchard Lake is used for industrial purposes, as illustrated by the industrial area
boundary shown on Figure 1-2. The highest Plume 2 concentrations and associated soil VOC source area are within
this boundary.

2.3.5 Groundwater Classification and Use

Groundwater at the site is classified as Class |: Potable Resource Groundwater (35 lllinois Administrative Code
Section 620.210) (RMT 2000a). An inventory of groundwater users was performed in the study area as part of the
Rl to identify the nature and location of private and commercial wells (O’Brien and Gere 1988). The survey results
show that the closest private or commercial well at the time of survey was approximately % mile from the extent
of Plume 2.The well appears to be within the boundaries of the CONWR and according to the refuge manager at
the time of the survey, none of the groundwater wells within the boundaries of the CONWR were in use.
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Investigation Activities

Investigation activities conducted to meet the objectives defined in Section 1 are detailed in the following subsections.

3.1 Soil Investigation

The Plume 2 soil investigation was conducted to achieve investigation objective #5. The supplemental
investigation soil boring locations are shown on Figure 3-1.

3.1.1 Soil Boring Installation

Seventeen soil borings were advanced for soil sample collection using an all-terrain hollow-stem auger drill rig
with a 5-foot long, 2-inch-diameter Macro-Core Sampler to collect continuous discrete soil samples. The Macro-
Core Sampler was advanced in 5-foot depth intervals. After advancement, the Macro-Core Sampler was removed
from the subsurface and the soil sample was extracted from the sampler. A 5-foot long, 3.25-inch diameter
hollow-stem auger was advanced to a depth equal to the base of the previously extracted soil sample to reduce
overburden pressure and ensure borehole stability. The Macro-Core Sampler was then placed inside the hollow-
stem auger and advanced past the previously installed auger to collect the next 5-foot soil sample. The process
was repeated until borings were advanced to immediately above the bedrock surface. The boreholes were
abandoned by filling the borehole to ground surface with high solids bentonite grout.

3.1.2 Soil Sample Collection

Soil was continuously logged to identify the lithologic characteristics of each hydrostratigraphic unit. Soil samples
were continuously screened with a photoionization detector (PID) in 1-foot intervals from ground surface to the
termination depth of the boring. Visual observations, PID readings, and depths of elevated soil VOC
concentrations detected during previous investigations in nearby historical borings were used to select the
discrete depth the soil sample was collected for VOC analysis within the hydrostratigraphic zone(s) defined for
each boring in the Supplemental Site Characterization Investigation Work Plan for Plume 2 at PCB OU Site 33
(work plan) (CH2M HILL 2011). Soil boring logs are provided in Appendix A.

Soil from each 1-foot screened interval was placed in a resealable plastic bag and placed on ice for each of the
targeted hydrostratigraphic units defined for the boring in the work plan. A discrete soil sample was collected
from the interval with the highest PID reading, if PID readings were greater than 30 parts per million. Otherwise,
the discrete soil sample was collected from the historical soil sample interval. Discrete soil samples were collected
from the bagged soil sample intervals using Terra Core soil sample kits. Terra Core sample kits were labeled,
placed on ice in a cooler, and shipped to TestAmerica—Chicago for laboratory analysis. The laboratory analyzed the
samples for VOCs using Method SW846-8260B.

A subset of the soil samples collected for VOC analysis was also analyzed for fraction of organic carbon (f,.).
Sample locations for f,. analysis were selected to obtain a data set that included at least one value of this
parameter for each geologic unit within the source area (Upper Clay, Upper Sand, Lower Sand, and Lower Clay).
The data was collected to compute a solute distribution coefficient in the solute transport model (Appendix B of
FFS Revision 4; CH2M HILL 2012).

Quality assurance/quality control samples included field duplicates, matrix spike (MS) /matrix spike duplicate
(MSD) samples, and field blanks. A field duplicate and field blank were collected for at least every 10 field
samples. One matrix spike and matrix spike duplicate sample was collected for at least every 20 field samples.

3.2 Groundwater Investigation

The Plume 2 groundwater investigation was conducted to achieve investigation objectives #1 through 4.
Groundwater investigation activities are described in the subsections below.
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SUPPLEMENTAL SITE CHARACTERIZATION INVESTIGAITON REPORT FOR PLUME 2 AT PCB OU SITE 33

3.2.1 Existing Monitoring Wells
3.2.1.1 Well Inspections and Water Level Measurements

A comprehensive well inspection was completed at the 16 existing Plume 2 monitoring wells as described below.
Monitoring well locations are shown on Figure 3-2. Water level and total depth measurements were also collected
from each well. The wells in the network were gauged within 24 hours of each other for development of current
potentiometric surface maps.

Each monitoring well from which a groundwater quality sample was later collected was inspected. The monitoring
well inspection form that provides the results of the field inspection is included in Table 3-1. The following items
were inspected and procedures performed:

e Protective Casing—Inspected for the presence of a lockable protective cover, and determined if the physical
condition of the casing was adequate and allowed for sampling. Inspected for a drain hole near the base of
the casing. If clogged, an attempt was made to clean out the hole.

e Surface Seal—In general, the surface seal underlies a concrete pad that has been installed around the base of
the protective casing with a lockable cover. The concrete pad was inspected for cracking or other conditions
that may potentially allow surface water to enter the annular space between the protective casing and the
well riser.

o Degree of Mobility of Protective Casing—The protective casing was attempted to be moved to determine if
resetting of the casing was potentially required.

e Permanent Legible Labels—Each well was checked to determine if it had a permanent label indicating the
well name/number. If the label was missing or not legible, a permanent marking device was used to relabel
the well appropriately after confirming the identity of the well through the use of site maps, global positioning
system (GPS), and depth-to-bottom measurements. It was noted whether a permanent legible label was
present on the well inspection field form.

o Lock—Each well was checked to determine if it was secured with a similarly keyed lock. If an individual lock
was damaged to the point that it is not functional, or if a lock from an unknown origin was in use, it was
removed with a bolt cutter and replaced. Missing locks were noted and replaced with available locks.

e Well Cap—Prior to opening the well cap, the well was inspected for the presence of biting or stinging insects
and/or poisonous plants. Each well was inspected for a polyvinyl chloride (PVC) slip-on cap or J-plug. Missing
caps were replaced with one of similar size and type.

e Well Plumbness Check (Ease of Inserting/Removing Bailer)—Well plumbness was checked by inserting a
3-foot—long bailer to the bottom of the well to determine well condition.

e Sediment in Well—The potential presence of sediment in each well was checked based on a comparison of
historical total depth measurements and current measurements obtained after the groundwater level
measurement was collected. A groundwater-level indicator was lowered to the bottom of each well, and a
depth measurement was recorded on the well inspection field form. The weighted water-level indicator was
also used to feel the bottom of the well for softness that would indicate sedimentation as well as
encumbrances. The measurement was then compared to historical total depth measurement to determine
the depth of sediment that may be present in the well.

Two wells required repair followed by redevelopment. Wells 33-341 and 33-342 were determined to be older
wells with completions that were compromised. Neither well was protected by bollards. Neither well had caps or
j-plugs. Well 33-341 was bent at an approximate 25 degree angle and was therefore considered compromised.
Both wells were missing locking lids on the completions and the PVC casing extended beyond the top of the
completion. Well reconstruction and development activities are described in the following subsection.
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The remaining wells within the network were in good condition with matching, keyed alike locks. Wells that did
not have permanent ID tags affixed to the completion were clearly marked on PVC slip caps.

Many of the wells showed minor depth discrepancies between the installation data and observations during the
well inspection. Some of the data indicates the wells are deeper than the depth recorded in the past, which
suggests the historical data is inaccurate. The wells were resurveyed because of the depth discrepancies.

When total depth was measured, softness was not felt with the water level probe indicating that there was not a
significant amount of sediment in the wells. Therefore, redevelopment of the remaining wells was not needed.

The stream gauges (Figure 3-2) were also inspected during this event. No water was noted in the stream channels
where the stream gauges were located. Stream gauge SG-08 was unable to be located. The field team walked
from an upstream starting point and proceeding downstream to attempt to locate SG-08 with a GPS unit. Even
though the gauge was unable to be located due to excessive brush (and may no longer be installed), the entire
stream channel was completely dry. Therefore, it was noted during the inspection that the stream gauges within
the network were dry.

3.2.1.2 Well Reconstruction and Development

Based on well inspection findings, monitoring wells 33-341 and 33-342 were reconstructed to replace their
existing surface completions.

The reconstruction of the surface completion at monitoring well 33-341 included the following:

e Removing the 4-inch circular steel surface protective casing from the monitoring well.
e Digging a 2-foot circular hole around the base of the monitoring well.

e Cutting off approximately 4.25 feet of damaged monitoring well riser.

e Installing an 8-inch circular flush-mount surface vault around the monitoring well riser.
e Installing a 2-foot circular concrete form around the flush-mount surface vault.

e Pouring concrete into the concrete form to create a concrete pad.

The reconstruction of the surface completion at monitoring well 33-342 included the following:

e Removing the 4 x 4-inch steel surface protective casing from the monitoring well

e Removing the top 6 inches of the well riser from the monitoring well

e Digging a 2-foot circular hole around the base of the monitoring well

e Installing a 2-foot concrete form around the base of the monitoring well

e Pouring concrete into the concrete form to create a concrete pad

e Re-installing the surface protective casing over the monitoring well riser and setting the casing into the newly
poured concrete pad

Monitoring wells 33-341 and 33-342 were redeveloped as a precautionary measure since the well caps were not
intact, leaving them open to the environment. The redevelopment occurred prior to sampling. The intent was to
use a pump to surge and purge the well of sediment-laden water. However, a submersible pump could not be
placed downhole within the well screen because of encumbrances shallower than the depth of the screen in both
wells. The weighted water level was used to sound the bottom of the wells and was able to be lowered to the
total depth of the wells. The encumbrances near the screens were not identified during the well inspection
because the diameter of the water level meter was small enough to extend past the encumbrances with ease. The
encumbrances were identified when attempting to place the submersible pump to the depth of the well screen.
Therefore, the wells were redeveloped using 1-inch plastic bailer. USEPA provided approval of this field change
prior to development. Groundwater parameters (pH, temperature, turbidity, and specific conductance) were
recorded using a multi-sensor water quality and Hach turbidimeter. Groundwater parameters for both monitoring
wells stabilized with the exception of turbidity, which remained well above 50 nephelometric turbidity units
(NTUs). Development was complete after 10 well volumes were removed from each monitoring well. Well
development forms are included in Appendix B.
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3.2.1.3 Well Resurvey

Surveying activities were conducted to obtain horizontal coordinates and vertical elevations of the 16 existing
Plume 2 monitoring wells since depth discrepancies between the installation data and observations during the
well inspection were found. Surveyors licensed in the state of lllinois collected the horizontal coordinates, the
ground surface elevation, and the top of casing elevation of each monitoring well. Horizontal control was
referenced to the lllinois State Plane Coordinate System—East Zone, North American Datum of 1983, to an
accuracy of 0.01 foot. Vertical control was referenced to the North American Vertical Datum of 1988, to an
accuracy of 0.01 foot. The horizontal coordinates and vertical elevations surveyed are provided in Appendix C.
Monitoring well construction details, and groundwater elevations are provided in Table 3-2. The table includes
top of casing, ground elevations, and groundwater elevations based on the new survey data.

3.2.1.4 Groundwater Sampling

The 16 existing Plume 2 monitoring wells (Figure 3-2) were sampled during the supplemental site characterization
investigation. Monitored groundwater parameters for sampled monitoring wells included water quality field
parameters (pH, specific conductance, temperature, oxidation-reduction potential [ORP], dissolved oxygen [DO],
and turbidity), and MNA parameters to support lines of evidence for biodegradation of chlorinated solvents. The
additional MNA parameters included field measurements of carbon dioxide and dissolved iron, and laboratory
measurements of dissolved gases (methane, ethane, and ethene), total organic carbon, total inorganic carbon,
select metals (iron and manganese), alkalinity, chloride and sulfate, nitrite + nitrate, and nitrate.

The monitoring wells were sampled using low-flow sampling procedures. Prior to sample collection, each
monitoring well was purged at a low pumping rate (between 100 and 500 milliliters per minute) using a
nondedicated bladder pump and intake with dedicated discharge tubing (with the exception of 33-341 and 33-342
because of encumbrances described above). Monitoring wells 33-341 and 33-342 were purged and sampled using
a peristaltic pump since a bladder pump could not be placed within the well screen of each of the wells. USEPA
provided approval of the field change prior to sampling. The pumping rate for each monitoring well was
dependent on the hydraulic properties of the formation for which the well was screened across, and was set at
the highest flow rate attainable without creating drawdown greater than approximately 0.3 foot, or at a minimum
of 100 milliliters per minute.

A multi-sensor water quality meter equipped with a flow-through cell was used to observe and record water quality
field parameters. Water levels were also measured when water quality parameters were recorded. The monitoring
wells were purged until pH, specific conductance, temperature, ORP, DO, and turbidity stabilized for at least three
consecutive readings using the following criteria: pH £ 0.1 units; specific conductance * 3 percent; temperature

+ 3 percent, ORP * 10 millivolts, DO <0.5 or + 10 percent, and turbidity <5 or + 10 percent. Water quality parameters
and water level measurements were recorded at the start of purging and approximately every 5 minutes thereafter.
Once field parameters were stabilized, the sample tubing was disconnected from the flow-through cell and
groundwater was pumped into laboratory-supplied sample containers. The sample containers were then placed on
ice in a cooler, and shipped to TestAmerica—Chicago for laboratory analysis. The laboratory analyzed the samples for
VOCs using Method SW846-8260B. Groundwater sampling forms are included in Appendix B.

Quality assurance/quality control samples included field duplicates, MSD samples, and field blanks. A field
duplicate and field blank were collected for at least every 10 field samples. One matrix spike and matrix spike
duplicate sample was collected for at least every 20 field samples.

3.2.1.5 Grab Groundwater Sampling

Groundwater grab samples were collected for VOC analysis from select soil boring locations to augment the
groundwater data that was collected from the existing site monitoring wells and to obtain groundwater data
within the potential source areas from the Upper Clay, Upper Sand, Lower Clay, and the Lower Sand units. The
groundwater grab sample locations are shown in Figure 3-1.

The lithology observed in the adjacent soil boring was used to determine the depths of groundwater grab sample
collection. A discrete groundwater screen point sampling device was advanced down-hole to the targeted sample
intervals for each groundwater grab sample location. The screen point sampling device was then opened to the
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selected depth interval and polyethylene sampling tubing was lowered down through the hollow-stem drill rods and
into the screen point sampling device to collect the groundwater sample. The groundwater grab samples were pumped
through the open screen and plastic sampling tubing up to the surface using a peristaltic pump into laboratory-supplied
sample containers. The sample containers were then placed on ice in a cooler, and shipped to TestAmerica—Chicago for
laboratory analysis. The laboratory analyzed the samples for VOCs using Method SW846-8260B.

After sample collection, the screen point sampling device was removed from the borehole, decontaminated, and
advanced to the next targeted sample depth interval for that location. If the target sample depth interval for the
Upper Clay, Upper Sand, or Lower Clay unit (if Lower Sand was present) produced insufficient water for sample
collection then the sampler was advanced down to the next target sample depth interval. The process was
repeated for each target sample depth interval until the lowest hydrostratigraphic unit for that location was
encountered. If a groundwater grab sample was unable to be collected from the lowest hydrostratigraphic unit
using the discrete screen point sampling device then a temporary piezometer was installed within the
hydrostratigraphic unit that was appropriate for meeting investigation objectives.

A temporary piezometer was installed for GG-148. The groundwater grab sample was later collected from the
temporary piezometer in the same manner as the discrete groundwater screen point sampling device. The
temporary piezometer was removed from the borehole and abandoned after sample collection.

3.3 Surface Water Investigation

No water was observed in the stream channels where the stream gauges were located. Stream gauge SG-08 was
unable to be located due to excessive vegetation. Even though the stream gauge could not be located, a
reconnaissance of the entire stream channel was performed and observed to be completely dry.

3.4 Investigation-derived Waste Management

Soil and aqueous waste generated from field investigation activities was properly contained, labeled, and temporarily
stored at CONWR. Waste containers were sealed in 55-gallon steel drums approved by the U.S. Department of
Transportation. The waste was consolidated into a central staging area designated by USFWS personnel.

A soil characterization sample was collected and analyzed for toxicity characteristic leaching procedure (TCLP)
volatile organic compounds, TCLP semivolatile organic compounds, TCLP pesticides, TCLP herbicides, PCBs, TCLP
metals, flashpoint, and pH. An aqueous characterization sample was collected and analyzed for TCLP volatile organic
compounds, TCLP semivolatile organic compounds, TCLP pesticides, TCLP herbicides, PCBs, TCLP metals, ignitibility,
and pH. Waste was transported and disposed of at the AES Environmental disposal facility in Calvert City, Kentucky,
in accordance with applicable solid waste, hazardous waste, and water quality regulations. Appendix D contains the
soil and aqueous waste profiles and the manifest.

Disposable sampling equipment, personal protective equipment, and miscellaneous trash were disposed of in
solid waste containers at the conclusion field investigation activities.

3.5 Data Validation and Evaluation

All media samples collected during field investigation activities were analyzed by an offsite laboratory. CH2M HILL
validated laboratory data generated by TestAmerica laboratories. The analytical data were validated in
accordance with the review criteria and limits presented in the USEPA’s National Functional Guidelines for Organic
and Inorganic Data Review to confirm that data quality achieved the project’s data quality objectives and that
invalid data was not used for project decisions. Both the laboratory analytical data and the data quality evaluation
report are provided in Appendix E.

The following data validation qualifiers were applied during the data validation process:
U The analyte was analyzed for but was not detected above the reported sample quantitation limit.

J The result is an estimated quantity. The associated numerical value is the approximate concentration of
the analyte in the sample.
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R The data are unusable. The sample results are rejected due to serious deficiencies in meeting QC criteria.
The analyte may or may not be present in the sample.

uJ The analyte was analyzed for but not detected. The reported quantitation limit is approximate and may
be inaccurate or imprecise.

Overall, the goal of the evaluation is to demonstrate that a sufficient number of representative samples were
collected and that the resulting analytical data can be used to support the decision making process for the site.
The following summary highlights the precision, accuracy, representativeness, comparability, and completeness
findings for the sampling event:

e Precision was generally acceptable with the exception of a few analytes/compounds that were qualified as
estimated due to field duplicate, laboratory duplicate, serial dilution and/or MS/MSD relative percent
difference issues. Data users should consider the impact to any result that is qualified as it may contain a bias
that could affect the decision making process.

e Accuracy was generally acceptable with several analytes being qualified as estimated nondetected and
detected results due to calibration, laboratory control sample, MS/MSD, and or surrogate issues. The
method/field/calibration blank samples were generally free of contamination with a few analytes being
qualified as nondetected results due to low-level detections in the blanks.

e Representativeness of the data was verified through the sample collection, storage, and preservation
procedures and the verification of holding-time compliance. The pH criterion of 2 or below was exceeded for
4 samples associated with the VOC analysis. All data were reported from analyses within the recommended
holding time.

e Comparability of the data was verified using standard analytical procedures and standard units for reporting.
Results obtained are comparable to industry standards in that the collection and analytical techniques
followed approved, documented procedures.

e Completeness is a measure of the number of valid measurements obtained in relation to the total number of
measurements planned. Completeness is expressed as the percentage of valid or usable measurements
compared to planned measurements. Valid data are defined as all data that are not rejected for project use.
All data were considered valid. The completeness goal was met for all analytes.
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TABLE 3-1

Monitoring Well Inspection Form
Supplemental Site Characterization Investigation Report for Plume 2 at PCB OU Site 33
Crab Orchard National Wildlife Refuge, Marion, lllinois

Well Installation Data

Well Inspection Data

Ground Variance from Protective
Top of Casing Surface Well Well Depth to Installation Casing
Installation Elevation Elevation Depth Depth Water Total Depth Data Date Protective Surface Degree of Permanent Well Sediment in
Well ID Northing Easting Date (ft amsl) (ft amsl) (ft bgs) (ft btoc) (ft btoc) (ft btoc) (ft) Inspected Casing Seal Mobility Legible Label Lock Plumb Well Notes
Looks to have been hit; bent at approximately 25
33-341 371803.15 787357.21 06/19/87 42414 424.4 14 13.71 9.57 17.86 -4.1 8/31/2011 Yes Poor Poor No No No No degrees
33-342 371168.62 787154.04 06/19/87 430.79 427.7 20 23.13 16.69 23.8 -0.7 8/31/2011 Yes Poor Poor No No No No
33MWC-01 370581.62 787786.54 01/19/95 431.04 428.4 19 21.68 16.57 21.82 -0.1 8/31/2011 Yes Good Good No Yes Yes No
33MWC-02 372015.41 787849.98 01/21/95 424.08 421.7 19 21.33 11.96 21.68 -0.3 8/31/2011 Yes Good Good No Yes Yes No
33MWC-03 371558.47  786495.72 01/20/95 428.46 426.3 20.5 22.63 16.77 22.7 -0.1 9/1/2011 Yes Good Good No Yes Yes No Bollard bent.
33MWC-10 372585.01 787367.30 08/14/97 425.46 423.0 24.2 26.64 14.44 26.45 0.2 8/31/2011 Yes Good Good Yes Yes Yes No
Located in the middle of f field. May h
33MWC-11  370879.17 786550.70  08/19/97 425.04 4223 19 21.73 14.29 2135 0.4 8/31/2011 Yes Good Good Yes Yes Yes No ocated n the middile ot farm fieid. Viay have
access issues if field is planted. Access OK now.
33MWC-12  371711.94  786253.52 08/18/97 428.90 426.6 19.9 22.20 18.47 22.26 -0.1 9/1/2011 Yes Good Good Yes Yes Yes No
33MWC-13  371380.52 787485.68 08/22/97 428.88 426.3 19.9 22.46 10.66 22.45 0.0 8/31/2011 Yes Good Good Yes Yes Yes No
33MWC-14 371603.88  787323.53 08/21/97 428.83 426.3 24.7 27.20 11.01 27.09 0.1 8/31/2011 Yes Good Good Yes Yes Yes No
33MWC-24 371398.59  787482.49 06/04/98 428.64 426.1 28 30.54 10.52 31.43 -0.9 8/31/2011 Yes Good Good Yes Yes Yes No
33MWC-33  371754.67 786216.08 06/10/98 428.55 425.8 39.5 42.26 18.11 42.65 -0.4 9/1/2011 Yes Good Good Yes Yes Yes No
33MWC-35 371741.46  786195.15 06/17/98 428.79 425.9 80 82.94 21.08 81.4 1.5 9/1/2011 Yes Good Good Yes Yes Yes No
33MWC-36 371967.04  787971.45 06/16/98 423.13 420.5 30 32.59 11.13 334 -0.8 8/31/2011 Yes Good Good Yes Yes Yes No
33MWC-44 371682.89  785201.62 10/11/00 414.62 411.6 20.2 23.17 11.08 233 -0.1 8/31/2011 Yes Good Good Yes Yes Yes No
33MWC-45 371677.93 785203.02 10/10/00 413.87 4115 37.8 40.13 9.87 40.49 -0.4 8/31/2011 Yes Good Good Yes Yes Yes No
Notes:
Northings and eastings are in the North American Datum of 1983, State Plane lllinois East coordinate system
ft - feet

ft amsl - feet above mean sea level
ft bgs - feet below ground surface
ft btoc - feet below top of casing



TABLE 3-2

Monitoring Well Construction Details and Groundwater Elevations

Supplemental Site Characterization Investigation Report for Plume 2 at PCB OU Site 33
Crab Orchard National Wildlife Refuge, Marion, lllinois

TOC Ground Screen Screen Depth to Groundwater

Elevation Elevation Length Interval Screen Interval Groundwater Elevation

Well ID Designation Unit Screened (ft amsl) (ft amsl) (ft) (ft btoc) (ft amsl) (ft btoc) (ft amsl)
33-341 Plume Upper Clay 424.14 424.4 5 13 - 18 411.14 - 406.14 9.57 414.57
33-342 Plume Upper Clay 430.79 427.7 5 19 - 24 411.79 - 406.79 16.69 414.10
33MWC-01 Boundary Upper Clay 431.04 428.4 15 7 - 22 424.04 - 409.04 16.57 414.47
33MWC-02 Plume Upper Clay 424.08 421.7 15 7 - 22 417.08 - 402.08 11.96 412.12
33MWC-03 Plume Upper Clay/Upper Sand 428.46 426.3 15 8 -23 420.46 - 405.46 16.77 411.69
33MWC-10 Sentinel Upper Clay/Upper Sand 425.46 423.0 15 11 - 26 414.46 - 399.46 14.44 411.02
33MWC-11 Boundary Upper Clay/Upper Sand 425.04 422.3 15 6 -21 419.04 - 404.04 14.29 410.75
33MWC-12 Boundary Upper Clay/Upper Sand 428.90 426.6 15 7 -22 421.90 - 406.9 18.47 410.43
33MWC-13 Plume Upper Clay 428.88 426.3 15 7 - 22 421.88 - 406.88 10.66 418.22
33MWC-14 Plume Upper Clay/Upper Sand 428.83 426.3 15 12 - 27 416.83 - 401.83 11.01 417.82
33MWC-24 Plume Upper Sand 428.64 426.1 5 26 - 31 402.64 - 397.64 10.52 418.12
33MWC-33 Plume Upper Sand 428.55 425.8 10 32 - 42 396.55 - 386.55 18.11 410.44
33MWC-35 Boundary Lower Sand 428.79 425.9 5 75 - 80 353.79 - 348.79 21.08 407.71
33MWC-36 Plume Upper Sand 423.13 420.5 5 28 - 33 395.13 - 390.13 11.13 412.00
33MWC-44 Sentinel Upper Clay 414.62 411.6 15 8 - 23 406.62 - 391.62 11.08 403.54
33MWC-45 Sentinel Upper Sand 413.87 411.5 5 35 - 40 378.87 - 373.87 9.87 404.00

Notes:

amsl- above mean sea level
btoc - below top of casing

ft - feet

TOC - top of casing
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SECTION 4

Investigation Findings

Section 4 presents the findings of the supplemental site characterization investigation and the updated CSM.

4.1 Further Characterization of Subsurface Geology

The geologic setting of the Building I-1-2 and I-1-3 source areas was interpreted from soil boring logs from the
pre-design study and the supplemental site characterization investigation. The lithologic descriptions were used
to develop geologic cross sections of the Building I-1-2 and I-1-3 source areas to define the current understanding
of the geologic units beneath these areas. Figure 4-1 identifies the geologic cross-section lines: A-A (Figure 4-2),
B-B (Figure 4-3), C-C (Figure 4-4), and D-D (Figure 4-5).

Soil boring logs and geologic cross sections indicate the geology is composed of unconsolidated sediments and
residuum that resides above shallow bedrock. The soil boring logs and geologic cross sections indicate there are four
hydrostratigraphic units within the overburden: Upper Clay, Upper Sand, Lower Clay, and Lower Sand. Beneath the
unconsolidated overburden lies Pennsylvanian-aged sandstone from the Tradewater Formation. The following
subsections present a comprehensive discussion of each of the four hydrostratigraphic units and bedrock.

4.1.1 Upper Clay Unit

The Upper Clay unit is present from the ground surface to between approximately 17 to 26 feet bgs
(approximately 400 to 410 feet above mean sea level [amsl]), with the exception of fill areas near ground surface
as a result of excavation activities. The lean clay is predominately Brown (10YR 4/3) with some sporadic Light Gray
(10YR 7/1) and Black (10YR 2/1) soil mottling; is typically firm to stiff; and exhibits low to medium plasticity. The
lean clay is relatively featureless (although some evidence of laminar bedding has been observed in borings) and
massive. The lean clay also contains varying amounts of silt, gravel, and sand that forms thin (2- to 3-inch) seams
and (1- to 2-foot) mixed (that is, clayey sand, silty sand) discontinuous lenses. The clay is fractured throughout but
has low permeability overall. Slug test data from monitoring well 33-341 indicates that the hydraulic conductivity
of the unit within the potential source areas is on the order of 10” to 10°® centimeters per second (cm/sec), which
is consistent with silt or loess deposits. The general composition, structure, and hydraulic conductivity value of the
Upper Clay unit indicates that the unit is likely a weathered loess deposit.

Overall, the physical characteristics of the Upper Clay unit observed during the supplemental site characterization
investigation are consistent with the physical characteristics documented during the pre-design study. However,
there is a substantial part of the shallow soil in the Building I-1-3 area that is fill material as a result of the
excavation that occurred in 2009.

4.1.2 Upper Sand Unit

The Upper Sand unit (where present) underlies the Upper Clay unit. The Upper Sand is present at elevations
between approximately 396 to 410 feet amsl and varies in thickness from 0.5 to 2 feet thick in the Building I-1-3
area and from 0 to 14 feet thick in the Building I-1-2 area. The unit pinches out east of Building I-1-2. The
decreasing thickness of the unit east of the Building I-1-3 area indicates that the unit may pinch out laterally to the
east-northeast.

The Upper Sand is predominately Brown (10YR 4/3) to Yellowish Brown (10YR 5/4) in color. The sand is typically
well-graded, fine to coarse-grained sand (SW) in the southern portion of the Source Area near Building I-1-2 and
very fine to fine-grained silty and clayey sand (SM or SC) in the northern portion of the Source Area near Building
I-1-3. In some soil boring logs, sand grain size increases with depth indicating a coarsening downward sequence.
Slug test data from monitoring well 33MWC-24 indicates that the hydraulic conductivity of the unit within the
Source Area is on the order of 10 cm/sec, which is consistent with silty sands, clayey sands, and fine sand
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deposits. The general composition, structure, and hydraulic conductivity value of the Upper Sand unit indicates
that the unit is likely a glacial outwash deposit, which is consistent with the surface geology mapped by lllinois
State Geological Survey.

Overall, the physical characteristics of the Upper Sand Unit observed during the supplemental site
characterization investigation are consistent with the physical characteristics documented during the pre-design
study. However, the depth, thickness, and presence of the unit varies slightly. The pre-design study concluded
that the Upper Sand unit within Site 33 occurs at elevations between 380 and 400 feet amsl (RMT 2001). The
supplemental characterization investigation shows that the Upper Sand unit in the Building I-1-2 and I-1-3 source
area is present at elevations between 396 and 410 feet amsl. Additional lithologic data collected during the
supplemental site characterization investigation results also indicate the presence of a continuous Upper Sand
unit in the Building I-1-3 area that was not identified during the pre-design study.

4.1.3 Lower Clay Unit

The Lower Clay unit resides below the Upper Sand unit or Upper Clay unit (if the Upper Sand unit is not
continuous in this area). The Lower Clay is present at elevations between approximately 375 to 406 feet amsl and
varies in thickness from 9 to 28 feet thick in the Building I-1-3 source area to 3 to 8 feet thick in the Building I-1-2
source area. The thickness of the unit decreases to the south as the top of bedrock elevation increases towards
ground surface.

The Lower Clay is typically either Brown (10YR 4/3) or Yellowish Brown (10YR 5/4) at the top of the unit and either
Brown (10YR 4/3) or Gray (10YR 5/1) at the base of the unit. The lean clay is relatively featureless, massive, stiff to
hard, and exhibits medium plasticity. The clay contains varying amounts of silt and sand that forms thin (2- to 4-
inch) seams and (1- to 3-foot) mixed (that is, clayey sand, silty sand) discontinuous lenses. Small angular gravel
clasts of the underlying sandstone, limestone, and coal are sporadically spread throughout the unit. Slug test data
from outside of the Source Area indicates that the hydraulic conductivity of the unit is on the order of 10 cm/sec,
which is consistent with clay deposits. The general composition, structure, and hydraulic conductivity value of the
Lower Clay unit indicates that the unit is representative of lllinoisan glacial till.

Overall, the physical characteristics of the Lower Clay unit observed during the supplemental characterization
investigation are consistent with the physical characteristics documented during the pre-design study. However,
the depth and thickness varies slightly. The pre-design study indicated that the Lower Clay unit within Site 33
occurs at elevations between 340 and 380 feet amsl and has a relatively constant thickness of approximately

40 feet. The supplemental site characterization investigation indicated that the Lower Clay unit within the
Building I-1-2 and I-1-3 source areas is present at elevations between 375 and 406 feet amsl. The supplemental
site characterization investigation indicates that the unit near Building I-1-3 varies between 10 to 30-feet in
thickness, and the thickness depends on the presence of the Lower Sand unit and elevated bedrock surfaces. The
supplemental site characterization investigation indicates that the unit near Building I-1-2 varies between 3 to

9 feet in thickness, and the thickness depends on only the depth of elevated bedrock surfaces (since the Lower
Sand unit is not present in this area).

4.1.4 Lower Sand Unit

The Lower Sand unit is only present in the in the Building I-1-3 area. The unit is present at elevations within the
source areas between approximately 383 to 390 feet amsl and varies in thickness from 4 feet thick on the east
side of the building and 7 feet thick immediately west side of the building. The unit pinches out between SB-141
and SB-142 on the east side Building I-1-3.

The Lower Sand is a mixture of Brown (10YR 4/3), Light Gray (10YR 7/1), and Gray (10YR 5/1) in color. The sand is
composed of medium to coarse-grained sand (SP) and contains trace amounts of clay and silt. Slug test data from
outside of the Source Area indicates that the hydraulic conductivity of the unit is on the order of 10° to

10™ cm/sec, which is consistent with poorly-graded sand deposits. The general composition, structure, and
hydraulic conductivity value of the Lower Sand unit indicates that the unit is likely either a glacial outwash deposit
or a reworked deposit derived from the underlying sandstone bedrock.
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The pre-design study concluded that the Lower Sand unit was not present in the Building I-1-2 and I-1-3 source
areas. The sand and gravel layer defined during the pre-design study (RMT 2001) appears to be the Lower Sand
unit. The lithology in SB-141 further substantiated that this is a continuous unit from SB-129 to the west side of
Building I-1-3.

4.1.5 Bedrock

Bedrock beneath the overburden within the potential source areas is composed primarily of Pennsylvanian-aged
sandstones from the Tradewater Formation. Soil borings from the supplemental characterization investigation
first encountered highly weathered sandstone at the overburden/bedrock interface and then competent
sandstone immediately below the weathered sandstone. The weathered sandstone is Brown (10YR 4/3) to Light
Yellowish Brown (10YR 6/4) in color and is composed of fine- and medium-grained sands that are moderately
cemented, highly micaeous, and exhibit thin laminar-bedding planes. The weathered sandstone is extremely
friable near the overburden/bedrock interface and increases in strength with depth. Typically within less than

1 foot of the overburden/bedrock interface the sandstone transitions from Brown (10YR 4/3) to Light Gray (10YR
7/1), from moderately cemented to well-cemented, and from easily friable to hard and competent. The physical
characteristics of sandstone identified in the soil boring logs within the potential source areas are similar to the
physical characteristics of the Granger Sandstone Member of the Tradewater Formation.

Bedrock surface occurs at elevations within the potential source area between approximately 375 to 398 feet
amsl. In the southern portion of the source area near Building I-1-1 and Building I-1-2 the top of bedrock surface
ranges between 28 to 38 feet bgs. In the northern portion of the potential source areas near Building I-1-3 the top
of the bedrock surface ranges between 38 to 49 feet bgs. Topographically, the top of the bedrock surface within
the source area slopes downward to the north, east, and west.

Overall, the physical characteristics of the bedrock surface observed during the supplemental characterization
investigation are consistent with the physical characteristics documented during the pre-design study. However,
the physical characteristics of the sandstone beneath the source areas are consistent with the description listed
on the Bedrock Geology of Crab Orchard Lake Quadrangle map for the Granger Member of the Tradewater
Formation, rather than the Carbondale Formation cited in Preliminary Design Report.

4.2 Groundwater Flow Characteristics

As discussed in Section 2, the hydrostratigraphy of the site is generally divided into four zones: the Upper Clay
unit, the Upper Sand unit, the Lower Clay unit, and the Lower Sand unit. Shallow groundwater (Upper Clay/Upper
Sand units) beneath the broad Site 33 area is affected locally by surface water drainageways and by the Area 9
Repository. Figures 4-6 and 4-7 show the potentiometric surface observed in fall 2011 for the Upper Clay unit and
the Upper Sand unit, respectively. The general flow directions in the Upper Clay and Upper Sand units are to the
north, northwest, and west. Buildings I-1-1, I-1-2, and I-1-3 are located upon a groundwater divide and shallow
groundwater flows away from a local groundwater high. A majority of the groundwater flow is westerly,
influenced by the consistent presence and increased thickness of the Upper Sand in this direction. The
potentiometric surface maps provided in the Preliminary Design Report (RMT 2001) indicated shallow
groundwater (in the Upper Clay and Upper Sand units) flows radially from Buildings I-1-1, I-1-2, and I-1-3.
However, the northeast component of groundwater flow in the Upper Clay and Upper Sand units was not
observed during the supplemental site characterization investigation.

The potentiometric surface is not illustrated on a figure in this report for the Lower Clay and Lower Sand units
because of the units monitoring wells are screened in the Plume 2 well network. The general flow direction for the
Lower Clay and Lower Sand units is expected to be similar to that of the Upper Clay unit since these units are
interconnected and have similar lithology.

The Preliminary Design Report indicated that the intermittent streams and East Swale downgradient of Plume 2
are often dry in their upper reaches, except following rainfall events, but that the lower reaches appear to be
receiving groundwater inflow and are likely continuously flowing. The surface water investigation was performed
during a dry period. Therefore, if water were present in the lower reaches, it would have demonstrated the

groundwater-surface water interaction described in the Preliminary Design Report. However, no water was
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observed in the stream channels where the stream gauges were located. This suggests that the nearest Plume 2
groundwater discharge to surface water is Crab Orchard Lake.

4.3 Soil Results

Soil sampling and analysis was conducted as part of the supplemental site characterization investigation to obtain
additional and more recent data that represents the soil VOC concentrations in the Plume 2 source area. The
goals of the soil investigation were as follows:

Determine current soil VOC concentrations in the plume source areas.

Define soil VOC concentrations within the source area.

Identify how VOC contamination has migrated away from the source area.

e Determine changes in lithology as a result of investigating areas of the plume that have not been previously
investigated (presented in more detail in Section 4.1 above).

Twenty-eight samples were collected and analyzed for VOCs: 11 in the Building I-1-2 area and 17 in the Building
I-1-3 area. A subset of the soil samples collected was analyzed for the soil-specific transport parameter, f,.to
compute a solute distribution coefficient in the solute transport model. Six samples were collected for analysis of
foc- The soil analytical results are provided Table 4-1.

Fourteen VOCs were detected in soil: 1,1,2-trichloroethane (1,1,2-TCA), 1,1-dichloroethane, 1,1-dichloroethene
(1,1-DCE), acetone, chlorobenzene, chloroethane, cis-1,2-dichloroethene (cis-1,2-DCE), ethylbenzene, methylene
chloride, tetrachloroethene (PCE), toluene, total xylenes, TCE, and vinyl chloride. The primary VOC detected in
most samples during the previous investigation (Fall 2000) and the supplemental site characterization
investigation (Fall 2011) was TCE. Figure 4-8 shows the TCE concentrations detected in soil during both
investigations and the extent of contamination (with concentration contours) in each geologic unit.

The following discussion presents the results of the soil investigation with respect to the specific objectives of the
investigation and how the current information compares to our previous understanding of the site characteristics.

4.3.1 Building I-1-2
The subsections below present the soil analytical results in each of the geologic units present beneath the
Building I-1-2 area.

4.3.1.1 Upper Clay Unit

Shallow soil contamination (0 to 10 feet bgs) in the Upper Clay unit is limited to a relatively small area, likely due
to historical removal of impacted shallow soil. The historical removal was conducted in the Building I-1-2 area in
1995 and is not shown in Figure 4-8 because documentation of the extent of the removal action is not available.
The deeper part of the Upper Clay unit (from 10 feet to between 20 and 24 feet bgs) has a greater areal extent of
contamination. Current soil results show high concentrations in the same area where the highest VOC
concentrations were found in the Upper Clay unit historically (SB-102 and SB-104). TCE was detected at a
concentration of 40 mg/kg in SB-146 from 15 to 16 feet bgs, whereas historical TCE concentrations in the area
were detected at 5.4 mg/kg and 11 mg/kg at SB-102 and SB-104 from similar depth intervals.

TCE concentrations detected in SB-143 and SB-144 show elevated soil concentration in the Upper Clay northwest
of the contamination found in 2000 in SB-102 (11 mg/kg at a depth of 10 to 12 feet bgs). TCE was detected at a
concentration of 17 mg/kg in SB-143 from 15 to 16 feet bgs and at a concentration of 8.2 mg/kg in SB-144 from
11 to 12 feet bgs. The results show contamination extending in a general northwesterly direction from what was
through to be the heart of the source area toward SB-100.

The low-level concentration of TCE detected at a concentration of 0.11 mg/kg in SB-145 from 11 to 12 feet bgs in
the Upper Clay unit suggests that TCE has not migrated significantly northeast of SB-102 and SB-104. The low-level
concentration of TCE of 0.005 mg/kg in SB-147 from 13 to 14 feet bgs in the Upper Clay unit suggests that TCE has
also not migrated significantly northeast of SB-123, where TCE was detected at a concentration of 7.8 mg/kg from
12 to 14 feet bgs in the Upper Clay unit in 2000.
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The data support the groundwater flow characteristics investigation findings that groundwater in the Upper Clay
unit has a northwest flow component, but does not have a significant northeast flow component.

4.3.1.2 Upper Sand Unit

The Upper Sand unit was observed further east of Building I-1-2 (SB-144) than identified during the investigation
conducted in 2000. The highest concentration of TCE detected within the unit was found in SB-149 on the east
side of the building at a concentration of 270 mg/kg.

On the west side of the building, the latest contaminant concentration within the Upper Sand is roughly an order
of magnitude higher than the concentration measured in 2000 in a nearby boring in this same area. TCE was
detected at a concentration of 1.4 mg/kg in SB-125 in 2000, whereas the concentration of TCE in the Upper Sand
unit in 2011 was 10 mg/kg in SB-150.

4.3.1.3 Lower Clay Unit

The supplemental site characterization investigation results show a slightly greater horizontal extent of
contamination in the Lower Clay unit than the Upper Clay unit, and the contaminant concentrations are higher
than the contamination in the Upper Clay unit. The second highest concentration of TCE detected in soil in the
Building I-1-2 area, 97 mg/kg, was found at the Lower Clay/Sandstone interface in SB-144 on the east side of the
building. TCE was not detected in the soil sample collected in the Lower Clay on the west side of the building
during the supplemental investigation (SB-150 at a depth of 37 to 38 feet bgs). A low concentration of 0.035)
mg/kg was detected in the historical boring SB-125 adjacent to SB-150.

TCE concentrations are similar in the southeast part of the Building I-1-2 source area to the 2000 investigation
results. TCE was detected at a concentration of 13 mg/kg in SB-147 from 28 to 29 feet bgs, which was advanced
10 feet to the northeast of historical boring SB-123. The concentration of TCE in SB-123 from 28 to 30 feet bgs was
8.2 mg/kg. TCE was detected at a concentration of 14 mg/kg in SB-148 from 28 to 29 feet bgs, which was
advanced 13 feet to the northeast of historical boring SB-133. The concentration of TCE in SB-133 from 26 to

28 feet bgs was 10 mg/kg.

4.3.2 Building I-1-3

The following subsections present the soil analytical results in each of the geologic units present beneath the
Building I-1-3 area.

4.3.2.1 Upper Clay Unit

Shallow soil contamination (0 to 10 feet below ground) is relatively limited, similar to the shallow soil near
Building I-1-2. Soil was removed in 2009 (after the pre-design study). The extent and depth of the excavation is
shown in Figure 4-8. The removal activities include excavation of the sample with the highest concentration of TCE
observed in 2000, a concentration of 82 mg/kg found at SB -126.

TCE was detected at a concentration of 1.4 mg/kg in SB-140 from 18 to 19 feet bgs, which is similar to the
historical TCE concentration in nearby SB-126 of 0.63 mg/kg from 12 to 14 feet bgs.

Contamination does not appear to have migrated west of the main source area in the Upper Clay unit, as
exhibited by low-level and nondetect concentrations in SB-138, SB-139, and SB-141. The concentration of TCE
detected in SB-138 was 0.006 mg/kg from 11 to 12 feet bgs, which is lower than historical concentrations
detected at similar depth intervals to the northeast and southeast of this location, in borings SB-128 and SB-129.
The concentration of TCE detected in SB-129 was 0.012 mg/kg from 11 to 12 feet bgs, which is more than three
orders of magnitude lower than the historical concentration detected in SB-127 from 14 to 16 feet bgs. TCE was
not detected in SB-141 from 18 to 19 feet bgs, indicating that the TCE is not migrating in a southwesterly direction
toward the building.
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4.3.2.2 Upper Sand Unit

Additional lithologic data collected during the supplemental site characterization investigation results indicate the
presence of a continuous Upper Sand unit in the Building I-1-3 area. A low-level TCE concentration of 0.097 mg/kg
was detected within the Upper Sand unit on the west side of the building, in SB-151.

4.3.2.3 Lower Clay Unit

The supplemental site characterization investigation results show a greater horizontal extent of contamination in
the Lower Clay unit than the Upper Clay unit and the contaminant concentrations are higher than the TCE
contamination of soil currently in place in the Upper Clay unit.

The current TCE concentration near historical boring SB-126, which was in the area of highest VOC contamination
in the Lower Clay unit, is similar to the concentration detected from 26 to 28 feet in SB-126. The TCE
concentration in SB-140 was 18 mg/kg from 26 to 27 feet bgs.

The current TCE concentration in SB-135 was 30 mg/kg from 27 to 28 feet bgs. The concentration is similar to that
of the TCE concentrations in the Upper Clay unit detected in historical boring SB-127.

Results from a soil sample collected from SB-136 at a depth of 28 to 29 feet bgs exhibited the same concentration
of TCE (14 mg/kg) as soil taken from SB-131 in 2000 at a depth of 30 to 32 feet bgs. The new soil location is
directly north of the old location, which indicates a significant change has not occurred in the area since the
historical investigation.

The current TCE concentration in SB-137 of 46 mg/kg from 30 to 32 feet bgs is higher than concentrations
previously measured in SB-115, located about 25 feet southwest of the new location. The TCE concentration in
SB-115 from 30 to 32 feet bgs was 22 mg/kg.

The current TCE concentration in SB-138 of 11 mg/kg at the Lower Clay/Sandstone interface compared to the
historical TCE concentration in SB-129 of 4.2 mg/kg from 40 to 42 feet bgs indicates TCE has migrated from the
source area toward Building I-1-3 in the Lower Clay unit.

The TCE concentration in SB-139 of 8.3 mg/kg from 28 to 29 feet bgs shows some contamination has migrated
away from the main source area by comparing this concentration to the TCE concentration in historical boring
SB-127 of 27 mg/kg from 27 to 28 feet bgs, closer to the main source area.

The highest TCE concentrations in the Lower Clay unit were found in a sand lens within the Lower Clay unit in
SB-142 from 35 to 36 feet bgs at a concentration of 170 mg/kg and in historical boring SB-126 from 40 to 42 feet
bgs at a concentration of 150 mg/kg.

4.3.2.4 Lower Sand Unit

The sand and gravel layer defined during the pre-design study (RMT 2001) appears to be the Lower Sand unit. The
lithology in SB-141 further substantiated that this is a continuous unit from SB-129 to the west side of Building I-1-3,
where it is present in SB-151. TCE was detected in the Lower Sand unit at this location at a concentration of 13 mg/kg.

4.4 Groundwater Results

The following subsections present the groundwater analytical results from the source area and from existing
monitoring wells encompassing the larger extent of the current groundwater contamination in Plume 2 defined by
the 5 micrograms per liter (ug/L) TCE concentration contour, as shown in Figure 1-2.

4.4.1 Source Area Groundwater

Based on the soil chemistry data, it is evident that there are two separate VOC source areas. One source area is
located directly east of Building 1-1-2, just south of the former location of the manufacturing building. The second
source is located just east of Building I-1-3, north of the former manufacturing building. The two source areas,
although separate, form Plume 2. Therefore, the results of the groundwater data from the two areas are
discussed together.

4-6 ES010612182500MKE



SECTION 4—INVESTIGATION FINDINGS

Twenty-two grab groundwater samples were collected from select soil boring locations to further characterize
VOCs in groundwater in the Buildings I-1-2/1-1-3 source area. Grab groundwater analytical results compared
against maximum contaminant levels (MCLs) are provided Table 4-2. In addition, four existing monitoring wells in
the source area were sampled and analyzed for VOCs to obtain the current VOC concentrations in these wells.
Groundwater analytical results from existing monitoring wells compared against MCLs are provided in Table 4-3.

Nine VOCs were detected in groundwater above MCLs in the source area; 1,1,1-trichloroethane, 1,1,2-TCA,
1,1-DCE, cis-1,2-DCE, PCE, toluene, trans-1,2-dichloroethene (trans-1,2-DCE), TCE, and vinyl chloride. The VOC
with the highest concentration and most widespread distribution is TCE. Figure 4-9 shows the TCE concentrations
detected in groundwater in the Buildings 1-1-2/1-1-3 source area during the supplemental site characterization
investigation.

Grab groundwater samples were collected from the Upper Clay unit, across the Upper Clay and Upper Sand units,
the Upper Sand unit, the Lower Clay unit, sand lenses within the Lower Clay unit, and the Lower Sand unit. The pre-
design study in 2000 only investigated groundwater within the Upper Clay and Upper Sand units in the source area.
Grab groundwater results from the supplemental site characterization investigation show that the highest
concentrations in the Building I-1-2 source area are in the Upper Sand and Lower Clay units near the building and the
highest groundwater concentrations are in the Lower Clay and Lower Sand units in the Building I-1-3 source area.

The highest concentration of TCE detected in groundwater was in the source area at GG-144. TCE was detected at
a concentration of 1,300,000 pg/L in the Lower Clay unit near the Lower Clay/Sandstone interface. The
investigation results indicate that the source area hot spot was identified based on the other locations where
borings were advanced to bedrock, and there was no indication that TCE is not present at concentrations near the
same magnitude as found at GG-144. Therefore, the source area hot spot is assumed to be limited to this location
and a small area around this location.

The presence of one or more degradation products (1,1-DCE, cis-1,2-DCE, trans-1,2-DCE, and vinyl chloride) in the
majority of groundwater samples collected from the source area indicate degradation of TCE is occurring in the
source area. The range of detected concentrations of degradation products in the source area are as follows:

e 1,1-DCE:2.3t0 18 ug/L

e is-1,2-DCE: 4.5 J to 18,000 pg/L
e trans-1,2-DCE: 2 to 280 pg/L

e Vinyl chloride: 3 to 1,100 pg/L

4.4.2 Groundwater Results from Existing Monitoring Wells

Groundwater samples were collected from the 16 existing Plume 2 monitoring wells to evaluate the current VOC
groundwater conditions encompassing the extent of Plume 2 since the most recent available data was collected
more than 10 years ago. In addition, groundwater from existing groundwater monitoring wells was also analyzed
by the laboratory for MNA parameters and field water quality parameters were collected to further evaluate if the
conditions are favorable for natural attenuation. Groundwater analytical results from existing monitoring wells
compared against MCLs are provided Table 4-3.

The 16 monitoring wells in Plume 2 are screened within the Upper Clay, Upper Sand, or Lower Sand unit. Each
well is designated as one of the following types based on the current concentrations of cVOCs present in
September 2011 groundwater sample results. Table 4-3 defines the well designations. Note: Groundwater
monitoring well 33MWC-24 has been defined in previous documents as screened in the Upper Sand. Historical
boring logs in the area and data collected in the supplemental investigation did not encounter the Upper Sand
unit in this area of the site. The boring log for 33MWC-24 is not available for review. The historical designation of
this well as an Upper Sand well has been carried through this document, however, it is likely that the well simply
intercepted a sand lens within the Upper Clay unit and is not screened in the Upper Sand.

e Plume Well: A groundwater monitoring well exhibiting VOC concentrations above the MCLs

e Sentinel Well: A groundwater monitoring well situated between the contaminant plume and downgradient

receptors (for example, Crab Orchard Lake, groundwater production well land use control boundary)
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e Boundary Well: A groundwater monitoring well cross gradient or upgradient of the contaminant plume; may
also include wells screened in the Upper Clay/Upper Sand or Lower Sand beneath an area of contamination
confined in the Upper Clay

The following six VOCs were detected in groundwater above MCLs in existing Plume 2 monitoring wells in
September 2011: 1,1-DCE, cis-1,2-DCE, PCE, trans-1,2-DCE, TCE, and vinyl chloride. The cVOCs detected in
September 2011 were detected during previous sampling events. Figure 4-10 shows cVOCs detected in
monitoring wells from 1995 to 2011.

The current groundwater plume extent (Figure 1-2) is the generalized two-dimensional TCE plume area defined by
the 5 pg/L TCE concentration contour. The September 2011 TCE results were used to develop the current extent
of the plume. The data were input into the groundwater model (Appendix B of FFS Revision 4; CH2M HILL 2012),
and the model simulated this generalized plume extent for current conditions. The current area of the plume
encompasses approximately 73 acres.

With the exception of 33-342, 33MWC-02, and 33MW(C-13, TCE concentrations have remained relatively stable
since 1995. TCE concentrations have increased at 33-342 from 450 ug/L to 1,600 pg/L since 1996. TCE
concentrations have decreased at 33MWC-02 from 1087.5 pg/L to 430 pg/L since 1996 and at 33MWC-13 from
26,000 pg/L to 9,600 pg/L since 1997. The increasing trend in 33-342 is consistent with the predominant
groundwater flow directions in the Upper Clay unit to the west and northwest. The decreasing TCE concentration
in 33MW(C-13 indicates TCE is migrating away from the Upper Clay in this area, which is to the northeast of the
main source area. The decreasing TCE concentration in 33MWC-02 may be related to changes in groundwater
flow direction in this area of the site.

The occurrence of biodegradation is typically indicated by the presence of TCE daughter products such as 1,1-DCE,
cis-1,2-DCE, trans-1,2-DCE, and vinyl chloride. Increasing concentrations of cis-1,2-DCE, trans-1,2-DCE, and/or
vinyl chloride at 33-342, 33MWC(C-13, 33MWC-24, and 33MWC-33 support that biodegradation may be occurring.
MNA parameters analyzed from groundwater collected from monitoring wells do not provide lines of evidence
that reductive dechlorination is the biodegradation mechanism.

Transport of contaminants to the north and south appears to be very limited in extent, as evidenced by nondetect
cVOC concentrations at wells 33MWC-01 and 33MWC-10. The dimensions of the VOC plume are generally
consistent with the groundwater flow directions observed at the site. The plume to the west of the building extends
further from the source area than the plume to the east of the building, which is a result of the predominant flow
directions and can be further explained by site geology. The Lower Sand unit is not present in the Building I-1-2 and
the Upper Sand unit pinches out east of the building, limiting lateral transport. While the Lower Sand unit pinches
out east of Building I-1-3, the Upper Sand was observed to be continuous in the Building I-1-3 area.

Sentinel and boundary wells bound the plume in the west, north, and south directions. While there are no existing
wells that serve as a boundary well to the east, groundwater concentrations in the Upper Clay unit to the east
(33MWC-02) are decreasing, and groundwater concentrations in the Upper Sand unit to the east (33MWC-36) are
marginally above the MCL.

4.5 Summary of Subsurface Geology Characterization

The following summarizes the site-specific geologic findings of the supplemental investigation and how it
compares to the historical understanding of the site-specific geology.

e OQverall, the physical characteristics of the Upper Clay Unit observed during the supplemental site
characterization investigation are consistent with the physical characteristics documented during the pre-
design study. However, additional excavation has occurred near Building I-1-3 since FFS Revision 3 was
written, which removed shallow surface contamination.

e The supplemental characterization investigation shows that the Upper Sand unit within the Building I-1-2 and
I-1-3 source areas is present at elevations between 396 and 410 feet amsl where the layer was encountered.
Additional lithologic data collected during the supplemental site characterization investigation results also

4-8 ES010612182500MKE



SECTION 4—INVESTIGATION FINDINGS

indicate the presence of a continuous Upper Sand unit in the Building I-1-3 area. The continuous layer near
Building I-1-3 is fairly thin (0.5 to 2 feet thick).

Overall, the physical characteristics of the Lower Clay unit observed during the supplemental characterization
investigation are consistent with the physical characteristics documented during the pre-design study.
However, the depth and thickness varies slightly. The supplemental site characterization investigation
indicated that the Lower Clay unit within the Building I-1-2 and I-1-3 sources area is present at elevations
between 375 and 406 feet amsl. The unit near Building I-1-3 varies between 10 to 30 feet in thickness, and the
thickness depends on the presence of the Lower Sand Unit and elevated bedrock surfaces. The unit near
Building I-1-2 varies between 3 to 9 feet in thickness, and the thickness depends on only the depth of
elevated bedrock surfaces (since the Lower Sand unit is not present in this area).

The pre-design study concluded that the Lower Sand unit was not present in the Building I-1-2 and I-1-3
source areas. The sand and gravel layer defined during the pre-design study (RMT 2001) appears to be the
Lower Sand unit. The lithology in SB-141 further substantiated that this is a continuous unit from SB-129 to
the west side of Building I-1-3.

4.6 Conceptual Site Model

The CSM presented in the Groundwater Investigation and Focused Feasibility Study Revision 1 (RMT 2000) and
analysis provided in the Preliminary Design Report (RMT 2001) provides the following understanding of Plume 2:

Shallow groundwater flow is generally towards Crab Orchard Lake, with discharge zones into swales and
surface water bodies. The swales are typically dry except during wet weather events.

Within the site area, downward hydraulic gradients indicate groundwater flow occurs primarily from the
Upper Clay unit to the Upper Sand unit.

The permeable Upper Sand unit is a primary pathway for lateral contaminant migration in groundwater.
Soil results indicate that horizontal transport of contaminants is occurring in the Upper Clay and Upper Sand units.

The Lower Clay unit retards horizontal and vertical migration of VOCs at depth near Building I-1-2, and
contamination has moved downward within the Lower Clay near Building I-1-3.

The presence of TCE daughter products within the upper strata indicates biodegradation is occurring, and
data from the investigation suggests the rate of biodegradation is slow.

The supplemental site characterization investigation confirms the basic tenets of the original CSM, and provides
some additional insight into contaminant transport:

The supplemental site characterization investigation confirmed the presence of a complex lithology within the
study area, beyond the identification of larger stratigraphic units (for example, Upper Clay unit, etc.), that are
likely to be influencing contaminant flow within the system, including the absence of a Lower Sand unit near
Building I-1-2, and the presence and discontinuous nature of laminations/strata of variable permeability
within the major units identified at the site, that are likely to have an influence on contaminant fate and
transport. Such variation is entirely consistent with the glacial depositional environment present at the site.

While the area of shallow contamination was obscured by historical excavation activities, contamination has
migrated both laterally and vertically within the Upper Clay unit and from the Upper Clay unit into the Upper
Sand unit.

Contamination migration is influenced by the higher permeability of the Upper Sand unit, which acts as a
preferential pathway (where it is present).

Contamination continues to migrate laterally and vertically from the Upper Clay/Upper Sand to the Lower
Clay. Lateral migration in the Lower Clay likely occurs through sand layers or other permeable features (such
as fractures) within the clay matrix.
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4-10

Contamination that has migrated through the Lower Clay to the Lower Sand moves preferential through the
Lower Sand in the direction of groundwater flow, which is evident in elevated concentrations observed in the
Lower Sand on both sides of Building I-1-3.

Lower Sand was not observed near Building I-1-2, but migration of contamination was observed under the
building predominantly in the Upper Sand.

The highest concentration of TCE detected in groundwater was in the source area, near Building 1-1-2. TCE
was detected at a concentration of 1,300,000 pg/L in the Lower Clay unit near the Lower Clay/Sandstone
interface. The investigation results indicate that the source area hot spot was identified based on the other
locations where borings were advanced to bedrock, and there was no indication that TCE is not present at
concentrations near the same magnitude. Therefore, the source area hot spot is assumed to be limited to this
location and a small area around this location.
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TABLE 4-1

Soil Analytical Results
Supplemental Site Characterization Investigation Report
for Plume 2 at PCB OU Site 33

Crab Orchard National Wildlife Refuge, Marion, llinois

Location SB-143 SB-144 SB-145 SB-146 SB-147 SB-148 SB-149 SB-150
Sample ID  33-SB143-15 33-SB144-11 33-SB144-33 33-SB145-11 33-SB146-15 33-SB147-13 33-SB147-28 33-SB148-28 33-SB149-27 33-SB150-27 33-SB150-38
Sample Depth (ft bgs) 15-16 11-12 33-333 11-12 15-16 13-14 28-29 28-29 27-28 27 -28 37-38
Unit Sampled Upper Clay Upper Clay Lower Clay/SS Upper Clay Upper Clay Upper Clay Lower Clay Lower Clay Upper Sand Upper Sand Lower Clay
Source Area Bldg I-1-2 Bldg I-1-2 Bldg I-1-2 Bldg I-1-2 Bldg I-1-2 Bldg I-1-2 Bldg I-1-2 Bldg I-1-2 Bldg I-1-2 Bldg I-1-2 Bldg I-1-2
Sample Date 10/12/2011 10/5/2011 10/5/2011 10/11/2011 10/5/2011 10/12/2011 10/12/2011 10/5/2011 10/5/2011 10/3/2011 10/3/2011
Analyte
Volatile Organic Compounds (VOCs) (mg/kg)
1,1,1-Trichloroethane <0.049 <0.046 <0.095 <0.045 <0.047 <0.0049 <0.048 <0.045 <0.19 <0.037 <0.0048
1,1,2,2-Tetrachloroethane <0.049 <0.046 <0.095 <0.045 <0.047 <0.0049 <0.048 <0.045 <0.19 <0.037 <0.0048
1,1,2-Trichloroethane <0.049 <0.046 <0.095 <0.045 <0.047 <0.0049 <0.048 <0.045 0.13) <0.037 <0.0048
1,1-Dichloroethane <0.049 <0.046 <0.095 <0.045 <0.047 <0.0049 <0.048 <0.045 <0.19 <0.037 <0.0048
1,1-Dichloroethene <0.049 <0.046 <0.095 <0.045 <0.047 <0.0049 <0.048 <0.045 <0.19 <0.037 <0.0048
1,2-Dichloroethane <0.049 <0.046 <0.095 <0.045 <0.047 <0.0049 <0.048 <0.045 <0.19 <0.037 <0.0048
1,2-Dichloropropane <0.049 <0.046 <0.095 <0.045 <0.047 <0.0049 <0.048 <0.045 <0.19 <0.037 <0.0048
1,3-Dichloropropene <0.049 <0.046 <0.095 <0.045 <0.047 <0.0049 <0.048 <0.045 <0.19 <0.037 <0.0048
2-Butanone (MEK) <0.25 <0.23 <0.48 <0.22 <0.23 <0.0049 <0.24 <0.22 <0.96 <0.18 <0.0048
2-Hexanone <0.25 <0.23 <0.48 <0.22 <0.23 <0.0049 <0.24 <0.22 <0.96 <0.18 <0.0048
4-Methyl-2-Pentanone (MIBK) <0.25 <0.23 <0.48 <0.22 <0.23 <0.0049 <0.24 <0.22 <0.96 <0.18 <0.0048
Acetone <0.25 <0.23 <0.48 <0.22 <0.23 0.0057J) <0.24 <0.22 <0.96 <0.18 0.0058
Benzene <0.012 <0.011 <0.024 <0.011 <0.012 <0.0049 <0.012 <0.011 <0.048 <0.0092 <0.0048
Bromodichloromethane <0.099 <0.092 <0.19 <0.09 <0.094 <0.0049 <0.096 <0.089 <0.38 <0.074 <0.0048
Bromoform <0.099 <0.092 <0.19 <0.09 <0.094 <0.0049 <0.096 <0.089 <0.38 <0.074 <0.0048
Bromomethane <0.099 <0.092 <0.19 <0.09 <0.094 <0.0049 <0.096 <0.089 <0.38 <0.074 <0.0048
Carbon Disulfide <0.25 <0.23 <0.48 <0.22 <0.23 <0.0049 <0.24 <0.22 <0.96 <0.18 <0.0048
Carbon Tetrachloride <0.049 <0.046 <0.095 <0.045 <0.047 <0.0049 <0.048 <0.045 <0.19 <0.037 <0.0048
Chlorobenzene <0.049 <0.046 <0.095 <0.045 <0.047 <0.0049 <0.048 <0.045 <0.19 <0.037 <0.0048
Chloroethane <0.099 <0.092 <0.19 <0.09 <0.094 <0.0049 <0.096 <0.089 <0.38 <0.074 <0.0048
Chloroform <0.049 <0.046 <0.095 <0.045 <0.047 <0.0049 <0.048 <0.045 <0.19 <0.037 <0.0048
Chloromethane <0.099 <0.092 <0.19 <0.09 <0.094 <0.0049 <0.096 <0.089 <0.38 <0.074 <0.0048
cis-1,2-Dichloroethene 0.53 0.31 <0.095 <0.045 1.5 0.091 0.4 2.6 <0.19 0.038 <0.0048
cis-1,3-Dichloropropene <0.049 <0.046 <0.095 <0.045 <0.047 <0.0049 <0.048 <0.045 <0.19 <0.037 <0.0048
Dibromochloromethane <0.099 <0.092 <0.19 <0.09 <0.094 <0.0049 <0.096 <0.089 <0.38 <0.074 <0.0048
Ethylbenzene <0.012 <0.011 0.061 <0.011 <0.012 <0.0049 <0.012 <0.011 <0.048 <0.0092 <0.0048
Methyl tert-Butyl Ether (MTBE) <0.099 <0.092 <0.19 <0.09 <0.094 <0.0049 <0.096 <0.089 <0.38 <0.074 <0.0048
Methylene Chloride <0.25 <0.23 <0.48 <0.22 <0.23 <0.0049 <0.24 <0.22 <0.96 <0.18 <0.0048
Styrene <0.049 <0.046 <0.095 <0.045 <0.047 <0.0049 <0.048 <0.045 <0.19 <0.037 <0.0048
Tetrachloroethene (PCE) <0.049 <0.046 0.036J <0.045 <0.047 <0.0049 0.039) <0.045 <0.19 0.012) <0.0048
Toluene <0.012 <0.011 0.089 <0.011 <0.012 <0.0049 <0.012 <0.011 0.29 <0.0092 <0.0048
Total Xylenes <0.025 <0.023 0.31 <0.022 <0.023 <0.0097 <0.024 <0.022 0.16 <0.018 <0.0097
trans-1,2-Dichloroethene <0.049 <0.046 <0.095 <0.045 <0.047 <0.0049 <0.048 <0.045 <0.19 <0.037 <0.0048
trans-1,3-Dichloropropene <0.049 <0.046 <0.095 <0.045 <0.047 <0.0049 <0.048 <0.045 <0.19 <0.037 <0.0048
Trichloroethene (TCE) 17 8.2 97 0.11 40 0.0047) 13 14 270 10 <0.0048
Vinyl Chloride <0.012 <0.011 <0.024 <0.011 0.024 0.003 ) 0.039 0.041 <0.048 <0.0092 <0.0048
General Chemistry (PERCENT)
Fraction of Organic Carbon -- -- -- 0.56 -- -- -- -- 0.64 -- 0.84

Notes:

ft bgs - feet below ground surface

"--" - Not analyzed

J - The analyte was positively identified:

the associated numerical value is the

approximate concentration of the analyte in the sample.
< - The analyte was analyzed for, but was not

detected above the reported sample quantitation limit.
mg/kg - milligrams per kilogram

Bold indicates the analyte was detected

SS - Sandstone

* - Soil sample was collected from a sand lens within the
Upper or Lower Clay Unit.
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TABLE 4-1

Soil Analytical Results
Supplemental Site Characterization Investigation Report
for Plume 2 at PCB OU Site 33

Crab Orchard National Wildlife Refuge, Marion, llinois

Location SB-135 SB-136 SB-137 SB-138 SB-139 SB-140 SB-141 SB-142 SB-151
Sample ID 33-SB135-9 33-SB135-27 33-SB136-28 33-SB137-31 33-SB138-11 33-SB138-29 33-SB138-38 33-SB139-11 33-SB139-28 33-SB140-18 33-SB140-26 33-SB141-18 33-SB142-35 33-SB142-41 33-SB151-27 33-SB151-32 33-SB151-38
Sample Depth (ft bgs) 9-10 27-28 28-29 31-32 11-12 29-30 38-39 11-12 28-29 18-19 26-27 18-19 35-36 41-42 27-28 32-33 38-39
Unit Sampled Upper Clay Lower Clay Lower Clay Lower Clay Upper Clay Lower Clay Lower Clay/SS Upper Clay Lower Clay Upper Clay Lower Clay Upper Clay Lower Clay*  Lower Clay Upper Sand Lower Clay Lower Sand
Source Area  Bldg I-1-3 Bldg I-1-3 Bldg I-1-3 Bldg I-1-3 Bldg I-1-3 Bldg I-1-3 Bldg I-1-3 Bldg I-1-3 Bldg I-1-3 Bldg I-1-3 Bldg I-1-3 Bldg I-1-3 Bldg I-1-3 Bldg I-1-3 Bldg I-1-3 Bldg I-1-3 Bldg I-1-3
Sample Date 10/4/2011 10/4/2011 9/13/2011 10/5/2011 10/10/2011 10/10/2011 10/10/2011 10/11/2011 10/11/2011 10/4/2011 10/4/2011 10/4/2011 10/4/2011 10/4/2011 10/3/2011 10/3/2011 10/3/2011

Analyte
Volatile Organic Compounds (VOCs) (mg/kg)
1,1,1-Trichloroethane -- <0.044 <0.042 <0.046 <0.0043 <0.059 <0.047 <0.0045 <0.043 <0.047 <0.045 <0.046 <0.1 <0.0041 <0.0039 <0.044 <0.044
1,1,2,2-Tetrachloroethane -- <0.044 <0.042 <0.046 <0.0043 <0.059 <0.047 <0.0045 <0.043 <0.047 <0.045 <0.046 <0.1 <0.0041 <0.0039 <0.044 <0.044
1,1,2-Trichloroethane -- 0.023) <0.042 <0.046 <0.0043 <0.059 <0.047 <0.0045 <0.043 <0.047 0.027) <0.046 <0.1 <0.0041 <0.0039 <0.044 <0.044
1,1-Dichloroethane -- <0.044 <0.042 <0.046 <0.0043 <0.059 <0.047 0.036 <0.043 <0.047 <0.045 <0.046 <0.1 <0.0041 <0.0039 <0.044 <0.044
1,1-Dichloroethene -- <0.044 <0.042 <0.046 <0.0043 <0.059 <0.047 0.055 <0.043 <0.047 <0.045 <0.046 <0.1 <0.0041 <0.0039 <0.044 <0.044
1,2-Dichloroethane -- <0.044 <0.042 <0.046 <0.0043 <0.059 <0.047 <0.0045 <0.043 <0.047 <0.045 <0.046 <0.1 <0.0041 <0.0039 <0.044 <0.044
1,2-Dichloropropane -- <0.044 <0.042 <0.046 <0.0043 <0.059 <0.047 <0.0045 <0.043 <0.047 <0.045 <0.046 <0.1 <0.0041 <0.0039 <0.044 <0.044
1,3-Dichloropropene -- <0.044 <0.042 <0.046 <0.0043 <0.059 <0.047 <0.0045 <0.043 <0.047 <0.045 <0.046 <0.1 <0.0041 <0.0039 <0.044 <0.044
2-Butanone (MEK) -- <0.22 <0.21 <0.23 <0.0043 <0.3 <0.23 <0.0045 <0.22 <0.24 <0.22 <0.23 <0.52 <0.0041 <0.0039 <0.22 <0.22
2-Hexanone -- <0.22 <0.21 <0.23 <0.0043 <0.3 <0.23 <0.0045 <0.22 <0.24 <0.22 <0.23 <0.52 <0.0041 <0.0039 <0.22 <0.22
4-Methyl-2-Pentanone (MIBK) -- <0.22 <0.21 <0.23 <0.0043 <03 <0.23 <0.0045 <0.22 <0.24 <0.22 <0.23 <0.52 <0.0041 <0.0039 <0.22 <0.22
Acetone -- <0.22 <0.21 <0.23 0.008 <03 <0.23 < 0.0045 <0.22 <0.24 <0.22 <0.23 <0.52 0.0037) <0.0039 <0.22 <0.22
Benzene -- <0.011 <0.011 <0.011 <0.0043 <0.015 <0.012 <0.0045 <0.011 <0.012 <0.011 <0.011 <0.026 <0.0041 <0.0039 <0.011 <0.011
Bromodichloromethane -- <0.088 <0.085 <0.091 <0.0043 <0.12 <0.094 <0.0045 <0.086 <0.094 <0.089 <0.092 <0.21 <0.0041 <0.0039 <0.089 <0.088
Bromoform -- <0.088 <0.085 <0.091 <0.0043 <0.12 <0.094 <0.0045 <0.086 <0.094 <0.089 <0.092 <0.21 <0.0041 <0.0039 <0.089 <0.088
Bromomethane -- <0.088 <0.085 <0.091 <0.0043 <0.12 <0.094 <0.0045 <0.086 <0.094 <0.089 <0.092 <0.21 <0.0041 <0.0039 <0.089 <0.088
Carbon Disulfide -- <0.22 <0.21 <0.23 <0.0043 <0.3 <0.23 <0.0045 <0.22 <0.24 <0.22 <0.23 <0.52 <0.0041 <0.0039 <0.22 <0.22
Carbon Tetrachloride -- <0.044 <0.042 <0.046 <0.0043 <0.059 <0.047 <0.0045 <0.043 <0.047 <0.045 <0.046 <0.1 <0.0041 <0.0039 <0.044 <0.044
Chlorobenzene -- <0.044 <0.042 <0.046 <0.0043 0.075 <0.047 <0.0045 <0.043 <0.047 <0.045 <0.046 <0.1 <0.0041 0.0016J <0.044 <0.044
Chloroethane -- <0.088 <0.085 <0.091 <0.0043 <0.12 <0.094 0.0025) <0.086 <0.094 <0.089 <0.092 <0.21 <0.0041 <0.0039 <0.089 <0.088
Chloroform -- <0.044 <0.042 <0.046 <0.0043 <0.059 <0.047 <0.0045 <0.043 <0.047 <0.045 <0.046 <0.1 <0.0041 <0.0039 <0.044 <0.044
Chloromethane -- <0.088 <0.085 <0.091 <0.0043 <0.12 <0.094 <0.0045 <0.086 <0.094 <0.089 <0.092 <0.21 <0.0041 <0.0039 <0.089 <0.088
cis-1,2-Dichloroethene -- 3.4 1.2 1.3 0.038 0.091 0.44 0.041 2.7 3.6 25 <0.046 1.3 0.022 0.011 <0.044 0.28
cis-1,3-Dichloropropene -- <0.044 <0.042 <0.046 <0.0043 <0.059 <0.047 <0.0045 <0.043 <0.047 <0.045 <0.046 <0.1 <0.0041 <0.0039 <0.044 <0.044
Dibromochloromethane -- <0.088 <0.085 <0.091 <0.0043 <0.12 <0.094 <0.0045 <0.086 <0.094 <0.089 <0.092 <0.21 <0.0041 <0.0039 <0.089 <0.088
Ethylbenzene -- <0.011 <0.011 <0.011 <0.0043 <0.015 <0.012 <0.0045 <0.011 <0.012 0.018 <0.011 <0.026 <0.0041 <0.0039 <0.011 <0.011
Methyl tert-Butyl Ether (MTBE) -- <0.088 <0.085 <0.091 <0.0043 <0.12 <0.094 <0.0045 <0.086 <0.094 <0.089 <0.092 <0.21 <0.0041 <0.0039 <0.089 <0.088
Methylene Chloride -- <0.22 <0.21 <0.23 0.0051 <03 <0.23 <0.0045 <0.22 <0.24 <0.22 <0.23 <0.52 <0.0041 <0.0039 <0.22 <0.22
Styrene -- <0.044 <0.042 <0.046 <0.0043 <0.059 <0.047 <0.0045 <0.043 <0.047 <0.045 <0.046 <0.1 <0.0041 <0.0039 <0.044 <0.044
Tetrachloroethene (PCE) -- 0.12 <0.042 <0.046 <0.0043 <0.059 <0.047 <0.0045 <0.043 <0.047 0.18 <0.046 <0.1 <0.0041 0.002 ) <0.044 <0.044
Toluene -- <0.011 <0.011 <0.011 <0.0043 <0.015 <0.012 <0.0045 <0.011 <0.012 <0.011 <0.011 <0.026 <0.0041 <0.0039 <0.011 <0.011
Total Xylenes -- <0.022 <0.021 <0.023 < 0.0086 <0.03 <0.023 <0.009 <0.022 <0.024 <0.022 <0.023 <0.052 <0.0083 <0.0078 <0.022 <0.022
trans-1,2-Dichloroethene -- <0.044 <0.042 <0.046 <0.0043 <0.059 <0.047 <0.0045 <0.043 <0.047 <0.045 <0.046 <0.1 <0.0041 <0.0039 <0.044 <0.044
trans-1,3-Dichloropropene -- <0.044 <0.042 <0.046 <0.0043 <0.059 <0.047 <0.0045 <0.043 <0.047 <0.045 <0.046 <0.1 <0.0041 <0.0039 <0.044 <0.044
Trichloroethene (TCE) -- 30 14 46 0.0061 1 11 0.012 8.3) 1.4 18 <0.011 170 0.42 0.097 2) 13
Vinyl Chloride - - 0.13 0.07 0.029 0.0091 <0.015 <0.012 < 0.0045 0.14 0.016 0.078 <0.011 <0.026 <0.0041 <0.0039 <0.011 <0.011
General Chemistry (PERCENT)
Fraction of Organic Carbon 0.53 -- -- -- -- -- -- -- -- -- -- -- -- -- -- 0.53 0.26

Notes:

ft bgs - feet below ground surface

"--" - Not analyzed

J - The analyte was positively identified:

the associated numerical value is the

approximate concentration of the analyte in the sample.
< - The analyte was analyzed for, but was not

detected above the reported sample quantitation limit.
mg/kg - milligrams per kilogram

Bold indicates the analyte was detected

SS - Sandstone

* - Soil sample was collected from a sand lens within the
Upper or Lower Clay Unit.
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TABLE 4-2
Grab Groundwater Analytical Results

Supplemental Site Characterization Investigation Report
for Plume 2 at PCB OU Site 33

Crab Orchard National Wildlife Refuge, Marion, lllinois

Location GG-144 GG-146 GG-148 GG-149 GG-150 GG-137 GG-135 GG-140 GG-141 GG-142 GG-151
Sample ID 33-GG144-30 33-GG146-17.5 33-GG146-26 33-GG148-22.5 33-GG149-22 33-GG149-29 33-GG150-18 33-GG150-23 33-GG150-34 33-GG137-29.5 33-GG135-34 33-GG140-34 33-GG141-21 33-GG141-38 33-GG142-20 33-GG142-35 33-GG151-28 33-GG151-38
Sample Depth (ft bgs) 30-33 15.5-17.5 25-27 20-25 21-23 28.5-30.5 18-19 23-24 34-38 29-30 34-35 33-35 20-22 36-39 19-21 34-36 27-29 37-39
Unit Screened  Lower Clay Upper Clay Lower Clay Upper Clay Upper Sand  Upper Sand Upper Sand Upper Sand Lower Clay Lower Clay Lower Clay Lower Clay* Upper Sand Lower Sand Upper Clay Lower Clay* ULZT;rS(a:I::/ Lower Sand
Source Area Bldg I-1-2 Bldg I-1-2 Bldg I-1-2 Bldg I-1-2 Bldg I-1-2 Bldg I-1-2 Bldg I-1-2 Bldg I-1-2 Bldg I-1-2 Bldg I-1-3 BldgI-1-3 Bldg I-1-3 Bldg I-1-3 Bldg I-1-3 Bldg I-1-3 Bldg I-1-3 Bldg I-1-3 Bldg I-1-3
Sample Date 10/6/2011 10/6/2011 10/6/2011 10/11/2011 10/6/2011 10/6/2011 10/10/2011 10/10/2011 10/10/2011 10/12/2011 10/11/2011 10/12/2011 10/7/2011 10/7/2011 10/7/2011 10/7/2011 10/10/2011 10/10/2011
Analyte MCL
Volatile Organic Compounds (VOCs) (ug/L)
1,1,1-Trichloroethane 200 270) <50 <20 <100 <20 <100 <1 <10 <1 <10 <20 <500 <20 <10 <20 <100 <2 <10
1,1,2,2-Tetrachloroethane - <500 <50 <20 <100 <20 <100 <1 <10 <1 <10 <20 <500 <20 <10 <20 <100 <2 <10
1,1,2-Trichloroethane 5 220) 64 <20 120 <20 110 <1 <10 <1 <10 68 <500 <20 <10 <20 170 <2 <10
1,1-Dichloroethane - <500 <50 <20 <100 <20 <100 <1 <10 <1 <10 <20 <500 <20 <10 <20 <100 <2 <10
1,1-Dichloroethene 7 <500 <50 <20 <100 <20 <100 <1 <10 <1 <10 <20 <500 <20 <10 <20 <100 <2 <10
1,2-Dichloroethane 5 <500 <50 <20 <100 <20 <100 <1 <10 <1 <10 <20 <500 <20 <10 <20 <100 <2 <10
1,2-Dichloropropane 5 <500 <50 <20 <100 <20 <100 <1 <10 <1 <10 <20 <500 <20 <10 <20 <100 <2 <10
1,3-Dichloropropene - <500 <50 <20 <100 <20 <100 <1 <10 <1 <10 <20 <500 <20 <10 <20 <100 <2 <10
2-Butanone (MEK) - <2500 <250 <100 <500 <100 <500 <5 <50 <5 <50 <100 <2500 <100 <50 <100 <500 <10 <50
2-Hexanone - <2500 <250 <100 <500 <100 <500 <5 <50 <5 <50 <100 <2500 <100 <50 <100 <500 <10 <50
4-Methyl-2-Pentanone (MIBK) - 1200) <250 <100 <500 <100 <500 <5 <50 <5 <50 <100 <2500 <100 <50 <100 <500 <10 <50
Acetone - <2500 <250 <100 <500 <100 <500 11) <50 8.4) 210 270 <2500 <100 <50 <100 <500 <10 <50
Benzene 5 <250 <25 <10 <50 <10 <50 <05 <5 <0.5 <5 <10 <250 <10 <5 <10 <50 <1 <5
Bromodichloromethane 80 <500 <50 <20 <100 <20 <100 <1 <10 <1 <10 <20 <500 <20 <10 <20 <100 <2 <10
Bromoform 80 <500 <50 <20 <100 <20 <100 <1 <10 <1 <10 <20 <500 <20 <10 <20 <100 <2 <10
Bromomethane - <500 <50 <20 <100 <20 <100 <1 <10 <1 <10 <20 <500 <20 <10 <20 <100 <2 <10
Carbon Disulfide - <2500 <250 <100 <500 <100 <500 <5 <50 <5 <50 <100 <2500 <100 <50 <100 <500 <10 <50
Carbon Tetrachloride 5 <500 <50 <20 <100 <20 <100 <1 <10 <1 <10 <20 <500 <20 <10 <20 <100 <2 <10
Chlorobenzene 100 <500 <50 <20 <100 <20 <100 <1 <10 <1 <10 <20 <500 46 9.8) <20 <100 5 <10
Chloroethane -- <500 <50 <20 <100 <20 <100 <1 <10 <1 <10 <20 <500 <20 <10 <20 <100 <2 <10
Chloroform 80 <500 <50 <20 <100 <20 <100 <1 <10 <1 <10 11) <500 <20 <10 <20 <100 <2 <10
Chloromethane -- <500 <50 <20 <100 <20 <100 <1 <10 <1 <10 <20 <500 <20 <10 <20 <100 <2 <10
cis-1,2-Dichloroethene 70 330) 3,800 440 29,000 190 140 4.5) 79) <1 880 6,800 18,000 17) 1,200 2,700 8,000 140 420)
cis-1,3-Dichloropropene - <500 <50 <20 <100 <20 <100 <1 <10 <1 <10 <20 <500 <20 <10 <20 <100 <2 <10
Dibromochloromethane 80 <500 <50 <20 <100 <20 <100 <1 <10 <1 <10 <20 <500 <20 <10 <20 <100 <2 <10
Ethylbenzene 700 170) <25 <10 <50 <10 <50 <0.5 <5 <0.5 <5 <10 <250 <10 <5 <10 <50 <1 <5
Methyl tert-Butyl Ether (MTBE) - <500 <50 <20 <100 <20 <100 <1 <10 <1 <10 <20 <500 <20 <10 <20 <100 <2 <10
Methylene Chloride 5 <2500 <250 <100 <500 <100 <500 <5 <50 <5 <50 <100 <2500 <100 <50 <100 <500 <10 <50
Styrene 100 <500 <50 <20 <100 <20 <100 <1 <10 <1 <10 <20 <500 <20 <10 <20 <100 <2 <10
Tetrachloroethene (PCE) 5 <500 <50 <20 <100 <20 <100 <1 <10 <1 6.7) 18) <500 120 63) 5,700 <100 6 <10
Toluene 1,000 1,100 <25 <10 <50 <10 40) 0.45) <5 <0.5 <5 <10 <250 <10 <5 <10 <50 <1 <5
Total Xylenes 10,000 <500 <50 <20 <100 <20 <100 <1 <10 <1 <10 <20 <500 <20 <10 <20 <100 <2 <10
trans-1,2-Dichloroethene 100 <500 51 11) 280 <20 <100 <1 <10 <1 9.2) 86 <500 <20 13 17) <100 2 <10
trans-1,3-Dichloropropene - <500 <50 <20 <100 <20 <100 <1 <10 <1 <10 <20 <500 <20 <10 <20 <100 <2 <10
Trichloroethene (TCE) 5 1,300,000 J 54,000 7,500 58,000 17,000 63,000 67) 4,300) 30) 5,700 8,800 170,000 960 4,300 2,700 79,000 710 3,000)
Vinyl Chloride 2 <250 62 18 1,100 15 32) <0.5 <5 <0.5 18 100 520 <10 5 97 93 3 <5
Notes:

ft bgs - feet below ground surface

J - The analyte was positively identified: the associated
numerical value is the approximate concentration of the
analyte in the sample.

< - The analyte was analyzed for, but was not detected above
the reported sample quantitation limit.

UJ - The analyte was below the reported sample quantitation
limit. However, the reported value is approximate.

ug/L - micrograms per liter

Bold indicates the analyte was detected

Shading indicates result exceeded the MCL

* - Groundwater sample was collected from a sand lens within
the Lower Clay Unit.



TABLE 4-3
Groundwater Analytical Results from Existing Monitoring Wells

Supplemental Site Characterization Investigation Report for Plume 2 at PCB OU Site 33
Crab Orchard National Wildlife Refuge, Marion, lllinois

Location 33-341 33-342 33MWC-01 33MWC-02 33MWC-03 33MWC-10 33MWC-11 33MWC-12 33MWC-13 33MWC-14 33MWC-24
Sample ID  GW-33-341-092211 GW-33-342-092211 GW-33MWC-01-092111 GW-33MWC-02-092011 GW-33MWC-03-092111 GW-33MWC-10-091911 GW-33MWC-11-092111 GW-33MWC-12-092111 GW-33MWC-13-091911 GW-33MWC-14-091911 GW-33MWC-24-091911
Sample Depth (ft btoc) 13-18 19-24 7-22 7-22 8-23 11-26 6-21 7-22 7-22 12-27 26-31
Unit Screened Upper Clay Upper Clay Upper Clay Upper Clay Upper Clay/ Upper Clay/ Upper Clay/ Upper Clay/ Upper Clay Upper Clay/ Upper Sand
Upper Sand Upper Sand Upper Sand Upper Sand Upper Sand
Designation Plume Plume Boundary Plume Plume Sentinel Boundary Boundary Plume Plume Plume
Sample Date 9/22/2011 9/22/2011 9/21/2011 9/20/2011 9/21/2011 9/19/2011 9/21/2011 9/21/2011 9/19/2011 9/19/2011 9/19/2011
Analyte Screening Level
Volatile Organic Compounds (VOCs) (pg/L)
1,1,1-Trichloroethane 200 <1 <5 <1 <1 <1 <1 <1 <1 <10 <1 <10
1,1,2,2-Tetrachloroethane - <1 <5 <1 <1 <1 <1 <1 <1 <10 <1 <10
1,1,2-Trichloroethane 5 <1 <5 <1 <1 <1 <1 <1 <1 <10 <1 <10
1,1-Dichloroethane - 1.7 <5 <1 <1 <1 <1 <1 <1 <10 <1 <10
1,1-Dichloroethene 7 18 <5 <1 <1 <1 <1 <1 <1 4.2) <1 <10
1,2-Dichloroethane 5 <1 <5 <1 <1 <1 <1 <1 <1 <10 <1 <10
1,2-Dichloropropane 5 <1 <5 <1 <1 <1 <1 <1 <1 <10 <1 <10
1,3-Dichloropropene - <1 <5 <1 <1 <1 <1 <1 <1 <10 <1 <10
2-Butanone (MEK) - <5 <25 <5 <5 <5 <5 <5 <5 <50 <5 <50
2-Hexanone - <5 <25 <5 <5 <5 <5 <5 <5 <50 <5 <50
4-Methyl-2-Pentanone (MIBK) - <5 <25 <5 <5 <5 <5 <5 <5 <50 <5 <50
Acetone - <5 <25 <5 <5 <5 <5 <5 <5 <50 <5 <50
Benzene 5 <0.5 <25 <0.5 <0.5 <0.5 <0.5 <05 <0.5 <5 <05 <5
Bromodichloromethane 80 <1 <5 <1 <1 <1 <1 <1 <1 <10 <1 <10
Bromoform 80 <1 <5 <1 <1 <1 <1 <1 <1 <10 <1 <10
Bromomethane - <1 <5 <1 <1 <1 <1 <1 <1 <10 <1 <10
Carbon Disulfide - <5 <25 <5 <5 <5 <5 <5 <5 <50 <5 <50
Carbon Tetrachloride 5 <1 <5 <1 <1 <1 <1 <1 <1 <10 <1 <10
Chlorobenzene 100 <1 <5 <1 <1 <1 <1 <1 <1 <10 13 <10
Chloroethane - <1 <5 <1 <1 <1 <1 <1 <1 <10 <1 <10
Chloroform 80 <1 <5 <1 <1 <1 <1 <1 <1 <10 <1 <10
Chloromethane - <1 <5 <1 <1 0.94) <1 <1 <1 <10 <1 <10
cis-1,2-Dichloroethene 70 180 230) <1 120 34 <1 <1 <1 1900 26 760
cis-1,3-Dichloropropene - <1 <5 <1 <1 <1 <1 <1 <1 <10 <1 <10
Dibromochloromethane 80 <1 <5 <1 <1 <1 <1 <1 <1 <10 <1 <10
Ethylbenzene 700 <0.5 <25 <0.5 <0.5 <05 <05 <0.5 <05 <5 <0.5 <5
Methyl tert-Butyl Ether (MTBE) - <1 <5 <1 <1 <1 <1 <1 <1 <10 <1 <10
Methylene Chloride 5 <5 <25 <5 <5 <5 <5 <5 <5 <58 <5 <50
Styrene 100 <1 <5 <1 <1 <1 <1 <1 <1 <10 <1 <10
Tetrachloroethene (PCE) 5 <1 <5 <1 <1 7.2 <1 <1 <1 6.9) 140 39
Toluene 1,000 <0.5 <2.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <5 <0.5 <5
Total Xylenes 10,000 <1 <5 <1 <1 <1 <1 <1 <1 <10 <1 <10
trans-1,2-Dichloroethene 100 23 2.7) <1 <1 <1 <1 <1 <1 4.4) <1 <10
trans-1,3-Dichloropropene - <1 <5 <1 <1 <1 <1 <1 <1 <10 <1 <10
Trichloroethene (TCE) 5 640 1,600) <0.5 430 350 <0.5 <0.5 <0.5 9600 61 2000
Vinyl Chloride 2 25 3.5) <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 9.6 <0.5 39
Monitored Natural Attenuation Parameters (ug/L)
Ethane - <11 <11 <11 <11 <11 <11 <11 <11 <11 <11 <11
Ethene - <1 <1 <1 <1 <1 <1 <1 <1 <1 <1 0.85)
Methane - 89 8.5 1.2 <0.46 0.79 0.35) 0.49) 0.48) 1.2 5.7 140
Monitored Natural Attenuation Parameters (mg/L)
Chloride - 40 86 4.9 1100 22 6.6 51 1.1 35 14 37
Iron - 12 0.33 13 3.7 0.46 0.49 0.71) 0.82 0.24 0.38 0.2
Manganese - 0.82 0.04 0.023 0.92 0.0084 ) 0.017 0.011 0.029 0.026 0.057 0.027
Nitrogen, Nitrate (as N) - <0.1 <0.1 <0.1 <0.1 0.5 3.8 5.2 0.53 0.091) <0.1 0.72
Nitrogen, Nitrate-Nitrite - <0.1 <0.1 <0.1 <0.1 0.5 3.8 5.2 0.53 0.095) <0.1 0.72
Nitrogen, Nitrite (as N) - <0.0027 <0.02 <0.02 <0.007 <0.02 0.0034) <0.0043 <0.02 0.0036J 0.0021) 0.0032)
Sulfate - 62 320 43 720 190 55 460 21 260 72 170
Total Alkalinity - 68 420 280 410 310 220 330 110 290 180 390
Total Inorganic Carbon - 15 46 41 a7 a4 52 40 18 57 38 78
Total Organic Carbon - 5.2 4.2 2.6 <4 3 4.7 2.4 4 7 3.3 5.2

Notes:

ft btoc - feet below top of casing

J - The analyte was positively identified: the associated numerical value is the approximate
concentration of the analyte in the sample.

< - The analyte was analyzed for, but was not detected above the reported sample quantitation limit.
ug/L - micrograms per liter

Bold indicates the analyte was detected

Shading indicates result exceeded the MCL
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TABLE 4-3
Groundwater Analytical Results from Existing Monitoring Wells

Supplemental Site Characterization Investigation Report for Plume 2 at PCB OU Site 33
Crab Orchard National Wildlife Refuge, Marion, lllinois

Location 33MWC-33 33MWC-35 33MWC-36 33MWC-44 33MWC-45
Sample ID  GW-33MWC-33-092111 GW-33MWC-35-092211 GW-33MWC-36-092011 GW-33MW(C-44-092211 GW-33MWC-45-092211
Sample Depth (ft btoc) 32-42 75-80 28-33 8-23 35-40
Unit Screened Upper Sand Lower Sand Upper Sand Upper Clay Upper Sand
Designation Plume Boundary Plume Sentinel Sentinel
Sample Date 9/21/2011 9/22/2011 9/20/2011 9/22/2011 9/22/2011
Analyte Screening Level
Volatile Organic Compounds (VOCs) (pg/L)
1,1,1-Trichloroethane 200 <2 <1 <1 <1 <1
1,1,2,2-Tetrachloroethane - <2 <1 <1 <1 <1
1,1,2-Trichloroethane 5 <2 <1 <1 <1 <1
1,1-Dichloroethane - <2 <1 <1 <1 <1
1,1-Dichloroethene 7 23 <1 <1 <1 <1
1,2-Dichloroethane 5 <2 <1 <1 <1 <1
1,2-Dichloropropane 5 <2 <1 <1 <1 <1
1,3-Dichloropropene - <2 <1 <1 <1 <1
2-Butanone (MEK) - <10 <5 <5 <5 <5
2-Hexanone - <10 <5 <5 <5 <5
4-Methyl-2-Pentanone (MIBK) - <10 <5 <5 <5 <5
Acetone - <10 6.1 <5 <5 <5
Benzene 5 <1 <0.5 <0.5 <0.5 <0.5
Bromodichloromethane 80 <2 <1 <1 <1 <1
Bromoform 80 <2 <1 <1 <1 <1
Bromomethane - <2 <1 <1 <1 <1
Carbon Disulfide - <10 <5 <5 <5 <5
Carbon Tetrachloride 5 <2 <1 <1 <1 <1
Chlorobenzene 100 <2 <1 <1 <1 <1
Chloroethane - <2 <1 <1 <1 <1
Chloroform 80 <2 <1 <1 <1 <1
Chloromethane - <2 <1 <1 <1 <1
cis-1,2-Dichloroethene 70 480 <1 10 <1 <1
cis-1,3-Dichloropropene - <2 <1 <1 <1 <1
Dibromochloromethane 80 <2 <1 <1 <1 <1
Ethylbenzene 700 <1 <0.5 <0.5 <0.5 <0.5
Methyl tert-Butyl Ether (MTBE) - <2 <1 <1 <1 <1
Methylene Chloride 5 <10 <5 <5 <5 <5
Styrene 100 <2 <1 <1 <1 <1
Tetrachloroethene (PCE) 5 14 <1 <1 <1 <1
Toluene 1,000 <1 <0.5 <0.5 <0.5 <0.5
Total Xylenes 10,000 <2 <1 <1 <1 <1
trans-1,2-Dichloroethene 100 920 <1 <1 <1 <1
trans-1,3-Dichloropropene - <2 <1 <1 <1 <1
Trichloroethene (TCE) 5 1900 <0.5 8.6 <0.5 <0.5
Vinyl Chloride 2 12 <0.5 <0.5 <0.5 <0.5
Monitored Natural Attenuation Parameters (ug/L)
Ethane - <11 1.3) <11 <11 <11
Ethene - <1 <1 <1 <1 <1
Methane - 8.3 72) <0.65 <0.71 770
Monitored Natural Attenuation Parameters (mg/L)
Chloride - 130 280 19 130 240
Iron - 2.2 0.27) 0.082) 0.14) 5
Manganese - 0.89 0.0065 ) 0.12 0.48 0.084
Nitrogen, Nitrate (as N) - <0.1 <0.1 0.24 0.23 <0.1
Nitrogen, Nitrate-Nitrite - <0.1 <0.1 0.25 0.26 <0.1
Nitrogen, Nitrite (as N) - <0.0062 <0.0036 <0.013 0.027 <0.0023
Sulfate - 570 7.2 93 280 <0.34
Total Alkalinity - 410 280 330 360 450
Total Inorganic Carbon - 59 5.6 43 59 48
Total Organic Carbon - 4.1 13 <2.6 11 5.5

Notes:

ft btoc - feet below top of casing

J - The analyte was positively identified: the associated numerical value is the approximate
concentration of the analyte in the sample.

< - The analyte was analyzed for, but was not detected above the reported sample quantitation limit.
ug/L - micrograms per liter

Bold indicates the analyte was detected

Shading indicates result exceeded the MCL

Page 2 of 2
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GEOLOGIC NOTES:

1. UPPER CLAY - CONSISTS OF ABROWN TO LIGHT GRAY LEAN CLAY
WITH VARYING AMOUNTS SILT, SAND, AND GRAVEL. DISCONTINUOUS
SILT AND SAND SEAMS AND LENSES ARE PRESENT WITHIN THE
UPPER CLAY UNIT.

2. UPPER SAND - CONSISTS OF A BROWN TO YELLOWISH BROWN SAND.
COMPOSITION OF THE UPPER SAND IS HIGHLY VARIABLE AND RANGES

430 BUILDING I-1-2 430 FROM A CLAYEY SAND TO COARSE-GRAINED SAND.
i SB-150 SB-149 /- Concrete Pad SB-143 SB-146 SB-147 1 3. LOWER CLAY - CONSISTS OF ABROWN TO GRAY LEAN CLAY,
N SB-144 e — DISCONTINUOUS SILT AND SAND SEAMS AND LENSES ARE COMMON
L — Y —___ _ — — - — . — | IN THE MIDDLE AND UPPER PORTIONS OF THE UNIT AND SMALL
GRAVEL-SIZE ANGULAR CLASTS OF THE UNDERLYING SANDSTONE,
LIMESTONE, AND COAL BEDROCK UNITS ARE SPORADICALLY
- 1 EMBEDDED THROUGHOUT THE UNIT.
i | 4. LOWER SAND - CONSISTS OF BROWN TO GRAY SAND. COMPOSITION
UPPER CLAY GRAINED SAND. UNIT GONTAINS TRAGE AMOUNTS OF GLAY AND SILT
420 —+ UPPER CLAY - 420 ’ '
i 8.2 |
410 -+ 410
400 — — 400
10 270 LOWER CLAY (3
I LOWER CLAY 97 ]
300 ND - 390
380 : : : 380
30400 31400 32400
0 5 10 15 FIGURE 4-2
T Jo0.42 TCE CONCENTRATION (mg/kg) Cross Section A-A'
Vertical Scale (in Feet) : CLav E!ﬂ‘! SAND LENS WITH CLAY/SILT Supplemental Site Characterization Investigation
Report for Plume 2 at PCB OU Site 33
0 15 30 45 ND TCENOT DETECTED P Crab Orchard National Wildlife Refuge
l: SAND I:I BEDROCK Marion, lllinois
Horizontal Scale (in Fest) SB- SUPPLEMENTAL INVESTIGATION BORING
23535 CH2MHILL.
FILENAME: 005-C-2103_423535.dgn PLOT DATE: 12/29/2011
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GEOLOGIC NOTES:

1. UPPER CLAY - CONSISTS OF ABROWN TO LIGHT GRAY LEAN CLAY
WITH VARYING AMOUNTS SILT, SAND, AND GRAVEL. DISCONTINUOUS
SILT AND SAND SEAMS AND LENSES ARE PRESENT WITHIN THE
UPPER CLAY UNIT.

2. UPPER SAND - CONSISTS OF ABROWN TO YELLOWISH BROWN SAND.
COMPOSITION OF THE UPPER SAND IS HIGHLY VARIABLE AND RANGES
FROM A CLAYEY SAND TO COARSE-GRAINED SAND.

3. LOWER CLAY - CONSISTS OF ABROWN TO GRAY LEAN CLAY.
DISCONTINUOUS SILT AND SAND SEAMS AND LENSES ARE COMMON
IN THE MIDDLE AND UPPER PORTIONS OF THE UNIT AND SMALL
GRAVEL-SIZE ANGULAR CLASTS OF THE UNDERLYING SANDSTONE,
LIMESTONE, AND COAL BEDROCK UNITS ARE SPORADICALLY
EMBEDDED THROUGHOUT THE UNIT.

4. LOWER SAND - CONSISTS OF BROWN TO GRAY SAND. COMPOSITION
OF THE LOWER SAND RANGES BETWEEN A MEDIUM TO A COARSE-
GRAINED SAND. UNIT CONTAINS TRACE AMOUNTS OF CLAY AND SILT.

NOTES:

1. F-INDICATES THAT THE RESULT IS BASED ON GC/FID ANALYSIS
PERFORMED IN THE ON-SITE MOBILE LABORATORY.

2. Fj-INDICATES THAT THE RESULT IS BASED ON GC/FID ANALYSIS
PERFORMED IN THE ON-SITE MOBILE LABORATORY AND THE
REPORTED CONCENTRATION IS APPROXIMATE BECAUSE SPECIFIC
QC CRITERIAARE OUTSIDE THE ESTABLISHED CONTROL LIMITS.

4] 5 10 15

Vertical Scale (in Feet)

0 15 30 45

Horizontal Scale (in Feet)
423535

SAND

L]
]

LEGEND

SAND LENS WITH CLAY/SILT

AL
L]

BEDROCK

H0.42

ND TCE NOT DETECTED

TCE CONCENTRATION (mg/kg)

SB- SUPPLEMENTAL INVESTIGATION BORING

HISTORIC BORING

FIGURE 4-3
Cross Section B-B'
Supplemental Site Characterization Investigation

Report for Plume 2 at PCB OU Site 33
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GEOLOGIC NOTES:

1. UPPER CLAY - CONSISTS OF A BROWN TO LIGHT GRAY LEAN CLAY
WITH VARYING AMOUNTS SILT, SAND, AND GRAVEL. DISCONTINUOUS
SILT AND SAND SEAMS AND LENSES ARE PRESENT WITHIN THE
UPPER CLAY UNIT.

2. UPPER SAND - CONSISTS OF A BROWN TO YELLOWISH BROWN SAND.
COMPOSITION OF THE UPPER SAND IS HIGHLY VARIABLE AND RANGES

430 FROM A CLAYEY SAND TO COARSE-GRAINED SAND.
SB-151 UNNAMED BUILDING
T SB-141 + 3. LOWER CLAY - CONSISTS OF A BROWN TO GRAY LEAN CLAY.
e — — - SB-142 DISCONTINUOUS SILT AND SAND SEAMS AND LENSES ARE COMMON
1 — _—— - SB-137 1 IN THE MIDDLE AND UPPER PORTIONS OF THE UNIT AND SMALL
————— SB-140 GRAVEL-SIZE ANGULAR CLASTS OF THE UNDERLYING SANDSTONE,
e ———— - LIMESTONE, AND COAL BEDROCK UNITS ARE SPORADICALLY
T S T EMBEDDED THROUGHOUT THE UNIT.
1 T 1 4. LOWER SAND - CONSISTS OF BROWN TO GRAY SAND. COMPOSITION
OF THE LOWER SAND RANGES BETWEEN A MEDIUM TO A COARSE-
GRAINED SAND. UNIT CONTAINS TRACE AMOUNTS OF CLAY AND SILT.
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GEOLOGIC NOTES:

1. UPPER CLAY - CONSISTS OF ABROWN TO LIGHT GRAY LEAN CLAY
WITH VARYING AMOUNTS SILT, SAND, AND GRAVEL. DISCONTINUOUS
SILT AND SAND SEAMS AND LENSES ARE PRESENT WITHIN THE
— 430 UPPER CLAY UNIT.

2. UPPER SAND - CONSISTS OF ABROWN TO YELLOWISH BROWN SAND.
T COMPOSITION OF THE UPPER SAND IS HIGHLY VARIABLE AND RANGES
SB_1 42 FROM A CLAYEY SAND TO COARSE-GRAINED SAND.

T — T 3. LOWER CLAY - CONSISTS OF ABROWN TO GRAY LEAN CLAY.
DISCONTINUOUS SILT AND SAND SEAMS AND LENSES ARE COMMON
T IN THE MIDDLE AND UPPER PORTIONS OF THE UNIT AND SMALL

GRAVEL-SIZE ANGULAR CLASTS OF THE UNDERLYING SANDSTONE,
+ LIMESTONE, AND COAL BEDROCK UNITS ARE SPORADICALLY
EMBEDDED THROUGHOUT THE UNIT.
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29-30' [ LC Q 2. Supplemental investigation borings were collected from \
38-39' [LC/SS 9/13/2011 - 10/11/2011.
3. * - Soil sample was collected from a sand lens within the Upper
or Lower Clay Unit.
SB-130 4. J - The analyte was positively identified: the associated
6-8 [ UC _ numerical value is the approximate concentration of the analyte
18-20' | UC yd in the sample.
28-30' | LC pd 5. F - Indicates that the result is based on GC/FID analysis
41-43 | LS \, 7 performed in the on-site mobile laboratory.
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. 6\(\ 27 -28' | US [0.097 S 8. ND - The analyte was analyzed for, but was not detected
\)\\ 32-33 [ Lc [ 2J // above the reported sample quantitation limit.
6 38-39'| LS | 13 N 9. Topographic contours (one-foot interval) are from
= ‘>\ aerial photographs taken on February 28, 2001.
7 N\
7 \ \ .
LEGEND Depth Interval Result
& Groundwater Monitoring Well [ ] Buildings TCE in the Upper Clay Unit; (ft bgs) UnitScreened | 1 1cg) FIGURE 4-8
O Historic Soil Boring —— Concrete Pads, Roads, and Walkways 10, and 20 mg/kg Contours UC - Upper Clay TCE Concentrations in Soil in the Source Area
42 I . . TCE in the Lower Clay Unit; LC - Lower Clay TCE . _— L
® Supplemental Investigation Soil Boring Surface Water 10, 20, and 50 mg/kg Contours Upper Depth - Lower Depth |US - Upper Sand | Goncentration Supplemental Site Characterization Investlgatlon
@ Supplemental Investigation Soil Boring with Topographic Contour ; . LS-LowerSand | in Soil Report for Plume 2 at PCB OU Site 33
0 25 50 Co-located Grab Groundwater Sample ; TCE in the Upper Sand Unit; SS - Sandstone Crab Orchard Nati | Wildlife Ref
P Approximate Extent and Depth 10 and 20 mg/kg Contours rab Orchard National Wildlife Refuge

e el Foct

of 2009 Excavation

TCE in the Lower Sand Unit;
10 mg/kg Contour

Gray results (SB-126) indicate soil at the specified depth was
removed during the 2009 excavation and backfilled with clean soil.

Marion, lllinois
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GG-151 3. J - The analyte was positively identified: the associated
27-29' |[USLC| 710 numerical value is the approximate concentration of the
37 -39' LS 3,000 analyte in the sample.
4. Topographic contours (one-foot interval) are from
aerial photographs taken on February 28, 2001.
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‘ ® Supplemental Investigation Soil Boring and Walkways Uper Depth - Lower Deptn | =~ Lower Clay. |Concentration Supplemental Site Characterization Investigation
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I PE

Location 33MWC-36 Location 33MWC-24 Location 33MWC-01
Sarple Date 6/29/1998 12/10/1998 9/20/2011 Sample Date 6/26/1998 12/11/1998 10/31/2000 9/19/2011 Sarmple Date 2/5/1995  9/4/1997 6/16/1999 9/21/2011
Analyte Result (g/L) Analyte Result (ig/L) Analyte Result (ug/L)
1,1-Dichloroethene ND ND ND 1,1-Dichloroethene ND ND ND ND 1,1-Dichloroethene ND ND ND ND
cis-1,2-Dichloroethene ND ND 10 ~o cis-1,2-Dichloroethene 84 101D 120 760 cis-1,2-Dichloroethene ND ND ND ND
Tetrachloroethene (PCE) ND ND ND 33MWC-36 Tetrachloroethene (PCE) 34 341E 25 39 Tetrachloroethene (PCE) ND ND ND ND
% trans-1,2-Dichloroethene [ ND ND ND trans-1,2-Dichloroethene ND ND ND ND trans-1,2-Dichloroethene ND ND ND ND
Trichloroethene (TCE) 6J 8.2 8.6 33MWC-0 Trichloroethene (TCE) 830D | 1063 Dbf 1,100 2000 “ATrichloroethene (TCE) ND ND ND ND
Location 33WG02 Vinyl Chloride ND ND ND / Vinyl Chloride 64J 6 ND 39 / Vinyl Chloride ND ND ND ND
Sample Date 2/7/1995 4/18/1996 9/4/1997  12/9/1998 6/16/1999 9/20/2011 / 33MWC-01 . 2
Analyte Result (ug/L) T -
1,1-Dichloroethene 0.5 0.5 ND 06J 0.4J ND ‘\ : | / Location 33MWC-13
cis-1,2-Dichloroethene R 38 ND 65JDf | 87DJ 120 Cooation 3WCT0 A Sample Date 9/9/1997 12/11/1998 11/1/2000 9/19/2011
Tetrachloroethene (PCE) NS ND ND ND ND ND Sanmple Date 9/8/1997  9/19/2011 ) A S Analxte Result (ug/L)
trans-1,2-Dichloroethene 0.5 ND ND ND 6J ND Analyte Result (ug/L) ~® A\ (k)wrD HousE 1,1-Dichloroethene ND ND ND 4.2J
Trichloroethene (TCE) R 760 780 881 Dbf |1087.5DJ| 430 T1-Dichiorosthene D D 33MWC-24 = 33MWC-1 V cis-1,2-Dichloroethene ND 1400D | 1900 1900
Viny! Chioride NS 0.2J ND ND ND ND D cis-1.2-Dichloroethene ND ND Wt ) W Tetrachloroethene (PCE) 36 24.4 ND 6.9J
/x\& Tetrachloroethene (PCE) ND ND ] 33MWC-10 trgns-1,2—chhI0roethene ND ND ND 44J
/\ trans-1.2-Dichlorosthens D D B \\ ~ Trichloroethene (TCE) 26000 D | 27300 Dbf | 29000 9600
o Viny! Chloride 18 9.1 ND 9.6
Trichloroethene (TCE) ND ND " —
Vinyl Chloride ND ND Toca YT
ocation =
3 \cé”" - /41 |Sample Date 2/6/1995 4/18/1996 9/4/1997 12/11/1998 9/22/2011
sc:r::;:znoate 2611995 4/18/1996 9?3/13997 12/16/1998 9/22/2011 Analyte Result (ugl)
1,1-Dichloroethene 0.1J ND ND ND ND
Analyte Result (ug/l cis-1,2-Dichloroethene 47 66 ND 306D | 2304
1,1-Dichlorosthene 0.6 0.8 ND 0.8J 18 Tetrachloroethene (FCE) | NS 0.34 ND ND ND
cis-1,2-Dichloroethene R 140 ND 238.5 D 180 trans. 1.2. Dichloroethene ND D D 31 274
Tetrachlorosthene (PCE) | NS MD ND ND ND Trichloroethene (TCE) R 720 450 | 1789 Dbf | 16004
trans-1,2-Dichloroethene 2 2 ND 4.2 2.3 Vinyl Chloride NS 2 ND 4.4 354
Trichloroethene (TCE) R 760 350 388.5 Dbf 640
Vinyl Chloride NS ND ND 0.8J 25
s 7 Location 33MWC-11
Ry Location 33MWC-14 Sample Date 9/8/1997 12/7/1998 9/21/2011
4 \ Sample Date 9/9/1997  12/11/1998 9/19/2011 Analyte Result (pg/L
{ / Analyte Result (ug/L) ) 33MWC-11 /_ 1,1-Dichloroethene ND ND ND
\ % e 1,1-Dichloroethene ND ND ND cis-1,2-Dichloroethene ND ND ND
/_\_\ D cis-1,2-Dichloroethene ND 10.4 26 Tetrachloroethene (PCE) ND ND ND
/ AN Tetrachloroethene (PCE) 40 ND 140 trans-1,2-Dichloroethene ND ND ND
E trans-1,2-Dichloroethene ND ND ND Trichloroethene (TCE) ND ND ND
\ / Trichloroethene (TCE) 97 11.8 Dbf 61 Vinyl Chloride ND ND ND
N Vinyl Chloride ND ND ND
STREAM
Location 33MWC-33 N
Notes: Sample Date 6/30/1998 12/8/1998 9/21/2011
1. NS - Analyte not sampled. Analyte Result (ug/L { Location 33MWC-03
2. ND - Not detected. T1-Dichiorosthens o) s 23 Sample Date 2/5/1995 4/14/1996 9/4/1997 12/15/1998 6/16/1999 9/21/2011
3. b - Analyte was present in the trip blank. cis-1,2-Dichloroethene 160 284 D 480 Analyte Result (ug/L) {
4. D - Analyte value is from a diluted analysis. Tetrachloroethene (PCE) | 65 | 424EJ [ 14 1,1-Dichlorosthene ND ND ND ND ND ND /
5 E- Reported concentration exceeded trans-1,2-Dichloroethene 120 200 D 920 cis-1,2-Dichloroethene 16 21 ND 21.2 8.7 34 /’
the calibration range of the instrument. Trichloroethene (TCE) | 1100D | 2200 Dbf | 1900 Tetrachloroethene (POE) | - NS - - 86 ND 12 :
h h i i trans-1,2-Dichloroethene | ND ND ND 06J ND ND |
6. f- Analyte was present in the field blank Viny| Chloride 7 17 i ) |
n | ke i Trichloroethene (TCE) 340 520 260 430 Dbf | 180.2 350 |
7. J-The an_alyte was pc_)smvely |d_ent|f|ed: Location 33MWC-35 Vinyl Chloride NS ND ND ND ND ND '
the associated numerical value is the Sample Date 6/30/1998 12/8/1998 9/22/2011 \
approximate concentration of the analyte Analyte Result (ug/L ‘
NS in the sample. 1,1-Dichloroethene ND ND ND Location 33MWC-12
7| 8. R-Unreliable results. Analyte may or may cis-1,2-Dichloroethene 9J ND ND Sanple Date 9/9/1997  9/19/2011
not be present in the sample. Tetrachloroethene (PCE) | 6J 084J ND Analyte Result (ug/L)
9. ND - Analyte not detected. trans-1,2-Dichloroethene 4J ND ND 3 1,1-Dichloroethene ND ND
10. pg/L - micrograms per liter Trichloroethene (TCE) 56 ND ND — TS cis-1,2-Dichlorosthene ND ND
' L Viny! Chloride ND ND ND Tetrachloroethene (PCE) ND ND
11. Bold indicates the analyte was detected. Sanple Date 10/31/2000 9/19/2011 trans-1.2-Dichioroethens | ND D
12. Shading indicates the result exceeded Location 33MWC-44 Analyte Rosult (kg/L) Trichlorosthene (TCE) 64 ND
the EPA National Primary Drinking Water Sample Date 10/31/2000 9/19/2011 1,1-Dichloroethene ND ND ~|Vinyl Chioride ND D
Standards, Maximum Contaminant Levels, , Analyte Result (ug/L) - ‘ cis-1,2-Dichloroethene ND ND : .
June 2003. 1,1-Dichlorosthene ND ND 33MWGC-44 ~ 33MWC-45 Tetrachlorosthene (PCE) ND ND
13. Topographic contours (one-foot interval) = A\ < — cis-1,2-Dichloroethene ND ND : J \ A trans-1,2-Dichloroethene | ND ND
== are from aerial photographs taken on - = — - - Tetrachloroethene (PCB) | ND ND : \T/f_'ChI'OC';e‘ﬁdene (Tc|) :g :g 2 - — ——
February 28, 2001. = : *—trans-1,2-Dichloroethene ND ND e iny? Lhioride
i ¢ M Trichloroethene (TCE) 0.12J ND O SG-4 e
Vinyl Chloride ND ND o
LEGEND | FIGURE 4-10
Unit Screened E Buildings Supplemental Site Characterization Investigation
5 4 O  Upper Clay — n ) Report for Plume 2 at PCB OU Site 33
0 00 00 ®  Upper Clay/Upper Sand Industrial Area Boundary Crab Orchard National Wildlife Refuge
e ot @  Upper Sand Surface Water Marion, lllinois
@® Lower Sand Topographic Contour
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SECTION 5

Summary and Conclusions

The supplemental site characterization investigation report met the objectives defined in the work plan

(CH2M HILL 2011). Data collected during the investigation changes certain aspects of the CSM presented in the
Preliminary Design Report (RMT 2001). The data collected during the supplemental site characterization
investigation report provides the additional information needed to move forward with the selection a remedial
alternative at Plume 2 of Site 33.

The following are key findings from the investigation that impact the development of remedial alternatives for
Plume 2:

The size of the groundwater plume is slightly larger than previously identified but the overall geometry is similar.

A source area hot spot was observed near Building I-1-2. The extent of the hot spot was defined by
information collected in adjacent borings.

Contamination is present within and below the Lower Clay in parts of both source areas.

The Lower Sand unit was observed on both sides of Building I-1-3. This unit appears to act as a preferential
pathway for groundwater contaminant migration under the building. The Lower Sand unit is not present near
building I-1-2.

A layer of Upper Sand was observed on both sides of Building I-1-2, which also appears to act as a preferential
pathway for groundwater contaminant migration under the building.

ES010612182500MKE

5-1
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Appendix A
Soil Boring Logs




‘ CH2MHILL

PROJECT NUMBER BORING NUMBER:

423535 SB-135 SHEET 1 OF 1

SOIL BORING LOG

PROJECT : Plume 2 Supplemental Site Characterization Investigation

LOCATION : Crab Orchard National Wildlife Refuge - Marion, Williamson County, IL

ELEVATION : 427 ft amsl (approximate)

DRILLING CONTRACTOR : Terra Dirill, Driller: Joe Brown

DRILLING EQUIPMENT AND METHOD : Hollow Stem Auger "ATV" Drill Rig, 3 1/4" Augers and 5' Macro Sampler

ORIENTATION: Vertical

WATER LEVELS : Not Applicable START : 10/4/11.13:22 END : 10/4/11 14:00 LOGGER : Carrie Wallestad
DEPTH BELOW EXISTING GRADE (ft) PID SOIL DESCRIPTION o COMMENTS
e}
INTERVAL (ft) Rggusl}s 2
RECOVERY (ft (ppm) SOIL NAME, USCS GROUP SYMBOL, COLOR, 8 DEPTH OF CASING, DRILLING RATE,
() MOISTURE CONTENT, RELATIVE DENSITY OR @ DRILLING FLUID LOSS, TESTS, AND
#TYPE CONSISTENCY, SOIL STRUCTURE, MINERALOGY S INSTRUMENTATION
)
0.0 0.0-2.0' - Lean Clay (CL), Brown (7.5YR 5/4), Slightly
0.0 Moist, Stiff, Color Mottling 1
Macro 0.0 0 ;
4.0 Run 1 0.0 2.0-4.0' - Lean Clay (CL), Brown (7.5YR 6/4), Slightly
un 1.0 Moist, Firm, Color Mottling, Increase in Organics 1
NA
5 5.0 4.0-5.0" - No Recovery at Surface
5.0-10.0' - Lean Clay (CL), Yellowish Brown (10YR
64.7 6/4), Slightly Moist, Firm, Some Color Mottling ]
1.8 i
Macro
5.0 50.4
Run 2 69.4 ]
204.2 ]
0 Sample collected @ 17:00
10 100 Sample ID: 33-SB135-9
10.0-15.0' - Lean Clay (CL), Yellowish Brown (10YR ample [0 35~ -
90.5 6/4), Slightly Moist, Firm, Some Color Mottling, ]
Macro 120.7 Increased Organics from 12.0-13.0 ]
5.0 Run 3 84.0
146.6 ]
67.3 ]
15 15.0
15.0-17.8' - Lean Clay (CL), Yellowish Brown (10YR
725 6/4), Slightly Moist, Firm, Some Color Mottling ]
Macro 53.8 7]
5.0 Run 4 124.5
104.5 17.8-18.0' - Lean Clay (CL), Yellowish Bown (10YR
38.6 5/4), Moist, Soft, Increased Silt Content / E
20 20.0 18.0-20.0' - Lean Clay (CL), Light Yellowish Brown
(10YR 6/4), Slightly Moist, Firm
49.9 20.0-21.0' - Lean Clay with Sand (CL), Light Yellowish Sample collected @ 17:08
50 |Macro gg- ; Brown (10YR 6/4), Wet, Soft, <10% Fine Grain Sand / /7] Sample ID: 33-SB135-21
) Run 5 153 21.0-23.0' - Lean Clay (CL), Yellowish Brown (10YR
15'1 5/4), Slightly Moist, Firm ]
25 25.0 ' 23.0-23.2' - Clayey Sand (SC), Yellowish Brown
* (10YR 5/4), Saturated, Loose, Well-Graded Fine to
43.5 Coarse Grain Sand with <10% Gravel up to 1/4" in ]
' size
M 88.8 . . - ]
50 acro 152.6 23.2-25.0' - Lean Clay (CL), Light Yellowish Brown
Run 6 56.7 (10YR 6/4), Wet, Firm, Increasing Silt with Depth, -
36.0 <5% Fine Grain Sand i
30 30.0 25.0-30.0' - Lean Clay (CL), Yellowish Brown (10YR
5/4), Slightly Moist, Stiff, Trace Gray Silt within Lean /
24.9 Clay |
Macro 28.7 30.0-32.0' - Lean Clay (CL), Light Brownish Gray
50 |ran7 18.1 (10YR 6/2), Slightly Moist, Stiff / |
14.6 32.0-34.0' - Lean Clay (CL), Light Yellowish Brown
36 (10YR 6/4), Slightly Moist, Stiff, Gray Sandstone /
35_| 350 Lense at 33 about 1/4" thick /
34.0-35.0' - Lean Clay (CL), Gray (10YR 5/1), Moist, /|
82 Firm, Trace Angular Sand and Gravel
5.0 Macro 07 35.0-40.0' - Lean Clay (CL), Gray (10YR 5/1), Moist, 7
) Run 8 07 Firm, Trace Angular Sand and Gravel .
0.4 ]
40 40.0
40.0-43.0' - Lean Clay (CL), Gray (10YR 5/1), Moist,
Firm, Trace Angular Sand and Gravel 1
1.0 i
1.9 43.0-45.0' - No Recovery at Surface Driller Note: Bottom of boring at 45.0' bgs
45 45.0




‘ CH2MHILL

PROJECT NUMBER

423535

BORING NUMBER:

SB-

136 SHEET 1 OF 2

SOIL BORING LOG

PROJECT : Plume 2 Supplemental Site Characterization Investigation

LOCATION : Crab Orchard National Wildlife Refuge - Marion, Williamson County, IL

ELEVATION : 427 ft amsl (approximate)

DRILLING CONTRACTOR : PSC, Driller: Jerry Hancock

DRILLING EQUIPMENT AND METHOD : Geoprobe Rig 6620, DPT, 4 1/4" Augers and 5' Macro Sampler

ORIENTATION: Vertical

WATER LEVELS : Not Applicable START : 9/13/11.08:30 END : 9/14/11 10:00 LOGGER : Jayson Burkard
DEPTH BELOW EXISTING GRADE (ft) PID SOIL DESCRIPTION ® COMMENTS
o]
INTERVAL (ft) Rggusl}s 2
RECOVERY (ft (ppm) SOIL NAME, USCS GROUP SYMBOL, COLOR, 8 DEPTH OF CASING, DRILLING RATE,
() MOISTURE CONTENT, RELATIVE DENSITY OR @ DRILLING FLUID LOSS, TESTS, AND
H#TYPE CONSISTENCY, SOIL STRUCTURE, MINERALOGY E INSTRUMENTATION
)
0.0 0.0-0.5' - Lean Clay with Silt and Sand (CL), Brown
0t (10YR 4/3), Dry /A .
4.0 Macro 4.2 0.5-4.0' - Lean Clay (CL), Light Gray transitioning to 7] 7]
. Run 1 1'2 Brown (10YR 7/1 to 10YR 4/3), Moist B E
5 5.0 NA 4.0-5.0" - No Recovery at Surface ]
5.0-7.0' - Lean Clay (CL), Brown (10YR 4/3), Moist,
gg Silt Content Increases with Depth 7] 7]
50 |Macro 7.4 7.0-10.0" - Silt (ML), Brown (10YR 4/3), Moist to Wet h
Run 2 10.1 E ]
NA ] ]
10_| 100 ]
10.0-15.0' - Lean Clay (CL), Light Gray to Brown
6.9 (10YR 7/1 to 10YR 4/3), Moist, Firm, Black Organic h
Macro 14.5 Staining throughout run B B
50 Run 3 6.0
19.0 T T
9.8 b b
15 | 15.0 ]
15.0-20.0' - Silt with Lean Clay (ML), Light Gray to
30.4 Brown (10YR 7/1 to 10YR 4/3), Moist from 15.0-17.0' ] ]
50 Macro 19166 anq Wet from 17.0'-20.0', Some Black Organic B B
. Run 4 19 Staining throughout run . .
7.9 b b
20 20.0 —]
20.0-20.5' - Silt with Lean Clay (ML), Light Gray to |
2.5 Brown (10YR 7/1 to 10YR 4/3), Moist from 15.0-17.0' b
Macro 10.4 and Wet from 17.0'-20.0', Some Black Organic B B
5.0 Run 5 18596 Staining throughout run i i
24.0 20.5-21.0' - Sand (SP), Brown (10YR 4/3), Saturated, | | ]
25 25.0 ) | \Non Plastic ) N
21.0-24.8' - Silt (ML), Brown (10YR 4/3), Saturated,
;gg Non Plastic 7] 7]
5.0 Macro 485 24.8-25.0' - Lean Clay (CL), Brown to Light Gray 7] 7]
: Run 6 78 (10YR 4/3 to 10YR 7/1), Moist E Sample collected @ 1400 E
21.9 25.0-30.0' - Silt (ML), Light Gray to Brown (10YR 7/1 Sample ID: 33-SB1@?:6-28 .
30 30.0 to 10YR 4/3), Slightly Moist, Firm, Color Transitions P ' _ ]
8.9 back and forth throughout run, Gravel Clast
5 sporadically spaced within Silt up to 1/2" in size 7] 7]
4.0 Macro 1'8 throughout run . ]
: Run7 41 30.0-34.0' - Silt (ML), Light Gray to Brown (10YR 7/1 E
2'1 to 10YR 4/3), Slightly Moist, Firm, Gravel Clast up to L1 ]
35 35.0 . 1/4" in size throughout run c ]
Macro 1.9 34.0-35.0' - Sand (SP), Brown (10YR 4/3), Top 6"
25 Run 8 0.8 Saturated, Bottom 6" Moist to Wet, Fine Grain Sand, | |° N
37.5 45.8 Gravel Clast throughout run up to 1/4" in size 1. E
M 2.0 35.0-37.5' - Sand (SP), Brown (10YR 4/3), Wet to f Driller Note: PVC sample tube clogged in -
25 R icéos 1.6 Saturated, Medium to Fine Grain Sand, Gravel Clasts steel sampler casing |
40 40.0 une. 2.8 up to 1/2" in size and Sandstone Clast up to 2" in size Stop drilling @ 1030 on 09/13/2011 ]
throughout run / Continue drilling @ 0910 on 09/14/2011
8-3 37.5-38.0' - Sand (SP), Brown (10YR 4/3), Wet, § b
50 Macro 0'3 Medium Grain Sand, Gravel Clast throughout run up || 1
. Run 9 0- 0 to 1/4" in size, Sand becomes Coarser with depth i i
0.0 38.0-40.0' - Lean Clay (CL), Light Gray to Brown ] ]
45 45.0 ) (10YR 7/1 to 10YR 4/3), Wet, Firm, Top 1' Very Little ]
Silt within Lean Clay, Bottom 1' Little Silt within Lean
0.0 Clay, Trace Gravel Clast within Lean Clay . .
50 |Macro 88 - |
Run 10 0.0 - ) -
50 | 500 00 _\ | =l




0 CH2MHILL

PROJECT NUMBER

423535

BORING NUMBER:

SB-136

SHEET 2 OF 2

SOIL BORING LOG

PROJECT : Plume 2 Supplemental Site Characterization Investigation

LOCATION : Crab Orchard National Wildlife Refuge - Marion, Williamson County, IL

ELEVATION : 427 ft amsl (approximate)

DRILLING CONTRACTOR : PSC, Driller: Jerry Hancock

DRILLING EQUIPMENT AND METHOD : Geoprobe Rig 6620, DPT, 4 1/4" Augers and 5' Macro Sampler

ORIENTATION: Vertical

WATER LEVELS : Not Applicable START : 9/13/11.08:30 END : 9/14/11 10:00 LOGGER : Jayson Burkard
DEPTH BELOW EXISTING GRADE (ft) PID SOIL DESCRIPTION o COMMENTS
o]
INTERVAL (ft) Rggusl}s 2
RECOVERY (ft (ppm) SOIL NAME, USCS GROUP SYMBOL, COLOR, 8 DEPTH OF CASING, DRILLING RATE,
() MOISTURE CONTENT, RELATIVE DENSITY OR @ DRILLING FLUID LOSS, TESTS, AND
H#TYPE CONSISTENCY, SOIL STRUCTURE, MINERALOGY E INSTRUMENTATION
)
40.0-45.0' - Lean Clay (CL), Top 2.5' Light Gray to Driller Note: Bottom of boring at 50' bgs
1 Brown (10YR 7/1 to 10YR 4/3), Bottom 2.5' Light
— Blueish Gray (10YR ), Moist, Firm, Trace Gravel Clast || -
i within Lean Clay up to 1/4" in size, Light Blueish Gray ]
i Sandstone pieces up to 2" in diameter in bottom of ]
55 run
45.0-48.7' - Lean Clay (CL), Top 2.5' Light Gray to ]
N Brown (10YR 7/1 to 10YR 4/3), Bottom 2.5' Light . .
. Blueish Gray (10YR ), Moist, Firm, Trace Gravel Clast | - .
| within Lean Clay up to 1/4" in size, Light Blueish Gray | | ]
Sandstone pieces up to 2" in diameter in bottom of
60 1 run 7] 7]
] 48.7-50.0' - Highly Weathered Shale, Light Bllueish [ ]
N Gray (Gley 2 5/1) B ]
65_| _ _
70_| _ _
75_| _ _
80_| _ _
85_| _ _
%0_| _ _
%_| _ _
100 | i |




0 CH2MHILL

PROJECT NUMBER BORING NUMBER:

423535 SB-137 SHEET 1 OF 2

SOIL BORING LOG

PROJECT : Plume 2 Supplemental Site Characterization Investigation

LOCATION : Crab Orchard National Wildlife Refuge - Marion, Williamson County, IL

ELEVATION : 424.66 ft amsl

DRILLING CONTRACTOR : Terra Dirill, Driller: Joe Brown

DRILLING EQUIPMENT AND METHOD : Hollow Stem Auger "ATV" Drill Rig, 3 1/4" Augers and 5' Macro Sampler

ORIENTATION: Vertical

WATER LEVELS : Not Applicable START : 10/5/11 14:59 END : 10/5/11 15:56 LOGGER : Carrie Wallestad
DEPTH BELOW EXISTING GRADE (ft) PID SOIL DESCRIPTION o COMMENTS
o]
INTERVAL (ft) Rggusl}s 2
RECOVERY (ft (ppm) SOIL NAME, USCS GROUP SYMBOL, COLOR, 8 DEPTH OF CASING, DRILLING RATE,
() MOISTURE CONTENT, RELATIVE DENSITY OR @ DRILLING FLUID LOSS, TESTS, AND
H#TYPE CONSISTENCY, SOIL STRUCTURE, MINERALOGY E INSTRUMENTATION
)
0.0 0.0-3.7' - Lean Clay (CL), Light Gray to Brown (10YR
0.0 7/1 to 10\{3 4/3), Moist, Soft, Medium Plasticity, Little
Macro 0.0 Black Staining throughout run ]
3.7 Run 1 3.1
NA 7]
NA T =
5 50 3.7-5.0' - No Recovery at Surface Sample collected @ 16:00
5.0-8.5' - Lean Clay (CL), Light Gray to Brown (10YR Sample ID: 33-5B137-4
58 7/1 to 10YR_ 4/3), Moist, Soft, Medium Plasticity, Little
Macro 6.9 Black Staining throughout run ]
5.0 13.6
Run 2 115 i
9.0 8.5-8.7' - Silt with Lean Clay (ML), Gray to Brown E 777
10 10.0 (10YR 5/1 to 10YR4/3), Moist, Loose
8.7-10.0' - Lean Clay (CL), Light Gray to Brown (10YR
9.7 7/1 to 10YR 4/3), Moist, Soft, Medium Plasticity, Little |
45 Macro 128 Black Staining throughout run i
’ Run 3 16.3 10.0-14.5' - Lean Clay (CL), Light Gray to Brown
13'1 (10YR 7/1 to 10YR 4/3), Moist, Firm, Medium
14.5 ) Plasticity, Little Black Staining throughout run, Trace
15_ | Fine Grain Sand
59.0 14.5-15.5' - Lean Clay (CL), Light Gray (10YR 7/1), .
Macro 10.1 _\Moist, Firm, Medium Plasticity, Increased Silt Content
5.0 Run 4 225 15.5-19.5' - Lean Clay (CL), Light Gray to Brown ]
50.4 (10YR 7/1 to 10YR 4/3), Slightly Moist, Firm, Trace
20.5 Fine Grain Sand
19.5 ]
20_] 19.5-20.3' - Lean Clay (CL), Light Gray to Brown ]
37.2 (10YR 7/1 to 10YR 4/3), Slightly Moist, Firm, Trace ~ /E2 Sample collected @ 16:10
Macro 50.3 Fine Grain Sand b Sample ID: 33-137-20
48 |Run5 44.0 20.3-20.6' - Silty Sand (SM), Brown (10YR 4/3), Wet,
49.0 Loose, Fine Grain Sand
NA 20.6-21.7' - Lean Clay (CL), Light Gray to Brown
25 24.5 (10YR 7/1 to 10YR 4/3), Slightly Moist, Soft, Trace
Fine Grain Sand
107.8 21.7-22.4 - Lean Clay (CL), Light Gray to Brown
50 |Macro 3;% (10YR 7/1 to 10YR 4/3), Wet, Soft, High Silt Content
’ Run 6 30'3 22.4-24.5' - Lean Clay (CL), Light Gray to Brown
18.0 (10YR 7/1 to 10YR 4/3), Moist, Soft to Firm, Firmness
295 ’ Increases with Depth
30 : 24.5-29.5' - Lean Clay (CL), Brown to Light Gray
150.0 (10YR 4/3 to 10YR 7/1), _Slig_htly Moist, Stiff, Sporadic
Macro 1200 gaa\;el Cllasts up to 1/4" in size throughout run, Trace | Sample collected @ 15:45
50 | Ron7 101.5 arcoa E Sample ID: 33-SB137-31
un 75.0 29.5-34.5' - Lean Clay (CL), Brown (10YR 4/3),
3.8 Slightly Moist, Stiff to Hard, Very Little Silt, Trace 7]
34.5 Sporadic Fine Grain Sand Seams, Trace Charcoal 1
35_] 34.5-36.2 - Lean Clay (CL), Brown (10YR 4/3), ]
42.0 Slightly Moist, Stiff to Hard, Very Little Silt, Trace i
Macro 98.0 Sporadic Fine Grain Sand Seams, Trace Charcoal 71
5.0 |Runs 21.8 36.2-37.5' - Silty Sand (SM), Brown (10YR 4/3), Dry, | H
1.2 Loose, Fine Grain Sand with Sporadic Gravel Clasts /]
1.0 up to 1/4" throughout run )
a0 22 37.5-39.5' - Lean Clay (CL), Brown (10YR 4/3), Moist,
Stiff
;Z \39.5-40.2‘ - Lean Clay (CL), Brown (10YR 4/3), Moist, /_
50 |Macro 04 Stiff
) Run 9 ’ 40.2-44.5' - Lean Clay (CL), Medium Gray (10YR 5/1),
02 Moist, Frim, Tr: Light Gray Fine Grain Sand 7
0.1 OIst, » lrace Lig ay h e Lral a Driller Note: Bottom of boring at 44.5' bgs
445 Seams, Trace Gravel up to 1/4" in size i




0 CH2MHILL

PROJECT NUMBER

423535

BORING NUMBER:

SB-137

SHEET 2 OF 2

SOIL BORING LOG

PROJECT : Plume 2 Supplemental Site Characterization Investigation

LOCATION : Crab Orchard National Wildlife Refuge - Marion, Williamson County, IL

ELEVATION : 424.66 ft amsl

DRILLING CONTRACTOR : Terra Dirill, Driller: Joe Brown

DRILLING EQUIPMENT AND METHOD : Hollow Stem Auger "ATV" Drill Rig, 3 1/4" Augers and 5' Macro Sampler

ORIENTATION: Vertical

WATER LEVELS : Not Applicable START : 10/5/11 14:59 END : 10/5/11 15:56 LOGGER : Carrie Wallestad
DEPTH BELOW EXISTING GRADE (ft) oD SOIL DESCRIPTION o COMMENTS
e}
INTERVAL (ft) Rggusl}s 2
RECOVERY (f) (ppm) SOIL NAME, USCS GROUP SYMBOL, COLOR, 8 DEPTH OF CASING, DRILLING RATE,
MOISTURE CONTENT, RELATIVE DENSITY OR @ DRILLING FLUID LOSS, TESTS, AND
H#TYPE CONSISTENCY, SOIL STRUCTURE, MINERALOGY E INSTRUMENTATION
[}

55 |

60_|

65 |

70_|

75_|

80_|

85 |




‘ CH2MHILL

PROJECT NUMBER BORING NUMBER:

423535 SB-138 SHEET 1 OF 2

SOIL BORING LOG

PROJECT : Plume 2 Supplemental Site Characterization Investigation

LOCATION : Crab Orchard National Wildlife Refuge - Marion, Williamson County, IL

ELEVATION : 426.76 ft amsl

DRILLING CONTRACTOR : Terra Dirill, Driller: Matt Cooper

DRILLING EQUIPMENT AND METHOD : Hollow Stem Auger "ATV" Drill Rig, 3 1/4" Augers and 5' Macro Sampler

ORIENTATION: Vertical

WATER LEVELS : Not Applicable START : 10/10/11.15:00 END : 10/10/11 16:30 LOGGER : Jayson Burkard
DEPTH BELOW EXISTING GRADE (ft) PID SOIL DESCRIPTION 10) COMMENTS
INTERVAL (ft) Rggusl}s g
RECOVERY (ft (ppm) SOIL NAME, USCS GROUP SYMBOL, COLOR, ] DEPTH OF CASING, DRILLING RATE,
() MOISTURE CONTENT, RELATIVE DENSITY OR g DRILLING FLUID LOSS, TESTS, AND
#TYPE CONSISTENCY, SOIL STRUCTURE, MINERALOGY 2 INSTRUMENTATION
)
0.0 0.0-1.9' - Lean Clay (CL), Brown (10YR 4/3), Moist,
0.0 Soft, Trace Sand g g
19 Macro 0.0 _ | a
. Run 1 NA 1.9-4.0" - No Recovery, Sandy Gravel did not make
NA into Macro Sampler, Cobbles 2" to 3" in Diameter i i
4.0 1
5 4.0-4.9' - Lean Clay (CL), Brown (10YR 4/3), Moist,
. 0.0 _\Soft, High Sand Content —
05 4.9-8.8' - Lean Clay (CL), Brown to Light Gray (10YR ]
48 Macro O-O 4/3 to 10YR 7/1), Slightly Moist, Firm, Medium
: Run 2 O-O Plasticity, Water Content Increases with Depth, Silt ] ]
0:0 Content Decreases with Depth
9.0 1
10 9.0-13.9' - Lean Clay (CL), Brown to Light Gray (10YR
— 4/3 to 10YR 7/1), Slightly Moist, Firm, Medium —] —]
88 Plasticity, Water Content Increases with Depth, Silt
49 |Macro 00 Content Decreases with Depth Collect sample @ 16:05 ]
' Run 3 0.0 - Sample ID: 33-SB138-11 -
0.0 ] B
14.0 .
15 14.0-19.0' - Lean clay (CL), Brown to Light Gray
— (10YR 4/3 to 10YR 7/1), Slightly Moist, Firm, Medium — —
0.1 Plasticity, Water Content Increases with Depth, Silt
0 Macro 8(1) Content Decreases with Depth, Last 0.5' increase N
5. Run 4 0- 0 water and softness i i
0.0 ] .
19.0 1
20 19.0-22.3' - Lean Clay (CL), Brown (10YR 4/3), Wet,
- Soft, Medium Plasticity, Some Light Gray Mottling, = — —
g-g Little Silt
Macro ’ ] ]
45 Run 5 8? ] i
NA 22.3-23.3' - Silty Sand (SM), Brown (10YR 4/3), Wet
to Saturated, Soft, Loose 7]
24.0 23.3-23.5' - Lean Clay (CL), Brown (10YR 4/3), Wet, E
25 Soft, Medium Plasticity, Some Light Gray Mottling,
] 7.8 Little Silt ]
Macro 4.6 23.5-24.0' - No Recovery at Surface ]
5.0 | Run6 3.1 24.0-24.4' - Lean Clay (CL), Slightly Moist to Moist,
0.6 Firm 7]
0.6 24.4-25.0' - Sandy Lean Clay (CL), Brown (10YR 4/3), i
29.0 Moist, Firm, Medium Plasticity
25.0-25.4' - Sand (SP), Fine to Coarse Grain Sand, Collect sample @ 16:45 ]
30_| Gravel Clast within Sand up to 1/4" in size at top and Sample ID: 33-SB138-29 _
2.8 increases with Depth
50 |Macro 2-573 25.4-29.0 - Lean Clay (CL), Brown (10YR 4/3), .
. Run7 . Sporadic Gravel Clast within Lean Clay between 1/4" i
g-g to 1/2" in size
. 29.0-34.0' - Lean Clay (CL), Brown (10YR 4/3), y ]
34.0 Slightly Moist, Firm, Low Plasticity, Sporadic Gravel |
Clast within up to 1/4" in size Lean Clay
35_ 34.0-36.3 - Lean Clay (CL), Brown (10YR 4/3), — —
8.2 Slightly Moist, Firm, Low Plasticity, Sporadic Gravel
4.2 Macro 9-8 Clast within Lean Clay up to 1/4" in size n V774 7]
’ Run 8 48.5 36.3-38.3' - Highly Weathered Sandstone, Brown 4] ]
' (10YR 4/3), Fine to Medium Grain, Gravel Clast o
Cemented within Sandstone I 3




0 CH2MHILL

PROJECT NUMBER

423535

BORING NUMBER:

SB-138 SHEET 2 OF 2

SOIL BORING LOG

PROJECT : Plume 2 Supplemental Site Characterization Investigation

LOCATION : Crab Orchard National Wildlife Refuge - Marion, Williamson County, IL

ELEVATION : 426.76 ft amsl

DRILLING CONTRACTOR : Terra

Drill, Driller: Matt Cooper

DRILLING EQUIPMENT AND METHOD : Hollow Stem Auger "ATV" Drill Rig, 3 1/4" Augers and 5' Macro Sampler

ORIENTATION: Vertical

WATER LEVELS : Not Applicable START : 10/10/11.15:00 END : 10/10/11 16:30 LOGGER : Jayson Burkard
DEPTH BELOW EXISTING GRADE (ft) PID SOIL DESCRIPTION o® COMMENTS
o]
INTERVAL (ft) Rggusl}s 2
RECOVERY (f) (ppm) SOIL NAME, USCS GROUP SYMBOL, COLOR, 8 DEPTH OF CASING, DRILLING RATE,
MOISTURE CONTENT, RELATIVE DENSITY OR @ DRILLING FLUID LOSS, TESTS, AND
H#TYPE CONSISTENCY, SOIL STRUCTURE, MINERALOGY E INSTRUMENTATION
)
39.0 | Collect sample @ 17:00 |
40 Sample ID: 33-SB138-38
N o Geologist Note: Highly weathered sandstone
N . pulverized into Sand by Hammer ,
7] T Driller Note: Hit Refusal at 38.3' bgs T
45| | |
50_ | | |
55 | ] ]
60_| | |
65_ | ] ]
70_| ] ]
75_ | | |




‘ CH2MHILL

PROJECT NUMBER

423535

BORING NUMBER:

SB-139

SHEET 1 OF 2

SOIL BORING LOG

PROJECT : Plume 2 Supplemental Site Characterization Investigation

LOCATION : Crab Orchard National Wildlife Refuge - Marion, Williamson County, IL

ELEVATION : 425.02 ft amsl

DRILLING CONTRACTOR : Terra Dirill, Driller: Matt Cooper

DRILLING EQUIPMENT AND METHOD : Hollow Stem Auger "ATV" Drill Rig, 3 1/4" Augers and 5' Macro Sampler

ORIENTATION: Vertical

WATER LEVELS : Not Applicable

START : 10/11/11 08:20

END : 10/11/11 10:00

LOGGER : Jayson Burkard

DEPTH BELOW EXISTING GRADE (ft) PID SOIL DESCRIPTION ® COMMENTS
INTERVAL (ft) Rggusl}s g
RECOVERY (ft (ppm) SOIL NAME, USCS GROUP SYMBOL, COLOR, ] DEPTH OF CASING, DRILLING RATE,
() MOISTURE CONTENT, RELATIVE DENSITY OR 8 DRILLING FLUID LOSS, TESTS, AND
#TYPE CONSISTENCY, SOIL STRUCTURE, MINERALOGY S INSTRUMENTATION
)
0.0 0.0-1.9' - Lean Clay (CL), Brown (10YR 4/3), Moist,
0.0 Soft, Low Plasticity . .
35 Macro 0.0 _ | a
. Run 1 0.3 1.9-3.5' - Lean Clay (CL), Light Gray (10YR 7/1),
NA Slightly Moist, Firm, Low Plasticity ] i
4.0 3.5-4.0' - No Recovery at Surface i
5 4.0-4.4' - Lean Clay (CL), Light Gray (10YR 7/1),
] 16 Slightly Moist, Firm, Low Plasticity ]L —
11 4.4-6.4' - Silt with Little Lean Clay (ML), Brown and | |
5.0 Macro 0.6 Light Gray (10YR 4/3 and 10YR 7/1), Black Staining
Run 2 0.9 throughout run / - -
0.0 6.4-9.0' - Lean Clay (CL), Brown to Light Gray (10YR
4/3 to 10YR 7/1), Slightly Moist, Firm, Medium 7]
9.0 Plasticity E
10 9.0-14.0' - Lean Clay (CL), Brown and Light Gray
— 0.2 (10YR 4/3 and 10YR 7/1), Slightly Moist, Firm, Low  —] —
0'2 Plasticity, Sporadic Black Staining throughout run i |
4.7 Macro 0'1 Sample collected @ 10:20
’ Run 3 0.3 | Sample ID: 33-SB139-11 |
0.0 ] E
14.0 .
14.0-19.0' - Lean Clay (CL), Brown and Light Gray
15_| (10YR 4/3 and 10YR 7/1), Moist, Firm, Low Plasticity, — —
83 Sporadic Black Staining throughout run
5.0 Macro 0:2
Run 4 0.4 ] ]
0.0 | |
19.0 i
19.0-21.6' - Lean Clay (CL), Brown (10YR 4/3), Moist,
20_] 0.3 Soft, Medium Plasiticy — —
50 |Macro gg 1 T
: Run 5 70 21.6-22.0' - Silty Sand (SM), Light Gray (10YR 7/1), 11 E
17 Moist, Little Lean Clay /
22.0-24.0' - Lean Clay (CL), Brown (10YR 4/3), 7] 7]
24.0 Slightly Moist, Firm, Low Plasticity ]
25 24.0-28.3' - Lean Clay (CL), Brown (10YR 4/3), Wet,
— 18.0 Firm, Medium Plasticity, Sporadic Gravel Clasts up to —] ]
28.0 1/2" in size throughout run
Macro ) T T
43 31.0
Run 6 28.0 ] ]
NA i i
; Sample collected @ 10:30 and 10:35
29.0 28.3-29.0' - No Racovery at Surface Sample ID: 33-SB139-28, 33-FDUP-006 i
29.0-34.0' - Lean Clay (CL), Brown (10YR 4/3), Wet,
30_| Firm, Medium Plasticity, Sporadic Gravel Clasts up to —] o
gg 1/2" in size throughout run
Macro : T T
50 Run 7 ‘?gg ] ]
30.0 | |
34.0 i
34.0-35.1' - Lean Clay (CL), Brown (10YR 4/3), Wet,
35_| M 8.0 Firm, Medium Plasticity, Sporadic Gravel Clasts up to —] —
3.8 Rsr‘irg 9.0 1/2" in size throughout run g
8.0 35.1-35.9' - Clayey Sand (SC), Brown (10YR 4/3), /' ] ]
37.0 Wet to Moist o




PROJECT NUMBER BORING NUMBER:

‘ 423535 SB-139 SHEET 2 OF 2
CH2MHILL
SOIL BORING LOG

PROJECT : Plume 2 Supplemental Site Characterization Investigation LOCATION : Crab Orchard National Wildlife Refuge - Marion, Williamson County, IL
ELEVATION : 425.02 ft amsl DRILLING CONTRACTOR : Terra Dirill, Driller: Matt Cooper
DRILLING EQUIPMENT AND METHOD : Hollow Stem Auger "ATV" Drill Rig, 3 1/4" Augers and 5' Macro Sampler ORIENTATION: Vertical
WATER LEVELS : Not Applicable START : 10/11/11 08:20 END : 10/11/11 10:00 LOGGER : Jayson Burkard
DEPTH BELOW EXISTING GRADE (ft) PID SOIL DESCRIPTION o COMMENTS
o]
INTERVAL (ft) Rggusl}s 2
REGOVERY (it (ppm) SOIL NAME, USCS GROUP SYMBOL, COLOR, 8 DEPTH OF CASING, DRILLING RATE,
® MOISTURE CONTENT, RELATIVE DENSITY OR ] DRILLING FLUID LOSS, TESTS, AND
H#TYPE CONSISTENCY, SOIL STRUCTURE, MINERALOGY £ INSTRUMENTATION
)
35.9-37.0" - Highly Weathered Sandstone, Brown Driller Note: Hit Refusal at 37.0' bgs
B (10YR 4/3), Fine to Medium Grain Sand Moderately . ]
Cemented
40_| ] ]
45| | |
50_| ] ]
55| | |
60__| ] ]
65_ | | |
70_| ] ]




0 CH2MHILL

PROJECT NUMBER

BORING NUMBER:

423535 SB-140

SHEET 1 OF 2

SOIL BORING LOG

PROJECT : Plume 2 Supplemental Site Characterization Investigation

LOCATION : Crab Orchard National Wildlife Refuge - Marion, Williamson County, IL

ELEVATION : 424 ft amsl

DRILLING CONTRACTOR : Terra Dirill, Driller: Matt Cooper

DRILLING EQUIPMENT AND METHOD : Hollow Stem Auger "ATV" Drill Rig, 3 1/4" Augers and 5' Macro Sampler

ORIENTATION: Vertical

WATER LEVELS : Not Applicable START : 10/4/11 13:05 END : 10/4/11 14:00 LOGGER : Jayson Burkard
DEPTH BELOW EXISTING GRADE (ft) PID SOIL DESCRIPTION 9 COMMENTS
INTERVAL (ft) Rggusl}s 2
RECOVERY (f) (ppm) SOIL NAME, USCS GROUP SYMBOL, COLOR, 8 DEPTH OF CASING, DRILLING RATE,
MOISTURE CONTENT, RELATIVE DENSITY OR @ DRILLING FLUID LOSS, TESTS, AND
H#TYPE CONSISTENCY, SOIL STRUCTURE, MINERALOGY E INSTRUMENTATION
)
0.0 0.0-1.8' - Lean Clay (CL), Brown to Light Gray (10YR V/
0.0 4/3 to 10YR 7/1), Moist, Firm, Some Color Mottling -/ B
Macro 0.0 - - 4
18 | Run1 NA 1.8-4.0' - No Recovery even with catcher in hole ] 7
NA N N
4.0 1
5 4.0-5.3' - Lean Clay (CL), Brown to Light Gray (10YR
—] 09 4/3 to 10YR 7/1), Moist to Wet, Soft, Some Color — —
Macro 8.4 Mottling = |
17 1 Run 2 NA 5.3-5.7" - Lean Clay (CL), Brown to Light Gray (10YR
NA 4/3 to 10YR 7/1), Moist, Firm, Some Color Mottling 7] 7]
90 NA 5.7-9.0' - No Recovery at Surface ] ]
10 9.0-14.0' - Lean Clay (CL), Brown to Light Gray (10YR
— 11.0 4/3 to 10YR 7/1), Slightly Moist, Firm, Medium — —
56 Plasticity, Some Black Staining throughout run i i
Macro
5.0 Run 3 10.0
2.8 7] 7]
8.5 ] |
14.0 1
15 14.0-19.0' - Lean Clay (CL), Brown to Light Gray
— 13.0 (10YR 4/3 to 10YR 7/1), Slightly Moist to Moist, Soft to— ]
M 2.0 Firm, Medium Plasticity, Some Black Staining i i
5.0 Rsr‘irg 2.8 throughout run
25.2 7] 7]
1.6 - -
19.0 Collect sample @ 16:47
20 19.0-20.3 - Lean Clay (CL), Brown to Light Gray Sample ID: 33-5B140-18
] 10.2 (10YR 4/3 to 10YR 7/1), Moist to Wet, Soft to Firm, —
4.6 Medium Plasticity, Some Black Staining throughout /A ]
4.4 |facro 5.3 run /
un 14.6 20.3-20.8' - Silty Sand (SM), Brown (10YR 4/3), Wet ]
NA to Saturated, Loose, Some Gravel Clast up to 1/4" in | g
24.0 [\ \size [ ]
25 20.8-23.4' - Lean Clay (CL), Brown (10YR 4/3), Moist
] 6.5 to Wet, Medium Plasticity, Trace Fine Grain Sand ]
250.5 23.4-24.0' - No Recovery at Surface . .
Macro ry .
>0 |Rune [ 1220 24.0-29.0 - Lean Clay (CL), Brown (10YR 43), D1y, 1] Soneoc o8 & (oo 6 _
22'5 Firm, Moist from 26.0-26.5' and 27.0-27.3'
29.0 |
30 29.0-34.0' - Lean Clay (CL), Brown (10YR 4/3), Moist
— 43.0 to Wet, Firm, Medium Plasticity, Trace Sand — —
41 Macro 15.3 7] 7]
: Run 7 27.7 ] i
27.4
34.0 i i
35 34.0-34.2' - Lean Clay (CL), Brown (10YR 4/3), Moist
] 156.0 to Wet, Firm, Medium Plasticity, Trace Sand ] ]
Macro 103.0 7] 7]
5.0 Run 8 52.0
60.0 7] 7]
32.0 . .
39.0 1
40 34.2-39.0' - Lean Clay (CL), Medium Gray (10YR 5/1),
— 30.5 Slightly Moist to Moist, Plastic, Embedded Gravel — —
M 1.3 Clasts up to 1/4" in size and Sandstone Clast up to i i
5.0 acro 18.0 3/4" in size throughout run
Run 9 . .
4.4
3.8 - -
44.0




‘ CH2MHILL

PROJECT NUMBER

423535

BORING NUMBER:

SB-140

SHEET 2 OF 2

SOIL BORING LOG

PROJECT : Plume 2 Supplemental Site Characterization Investigation

LOCATION : Crab Orchard National Wildlife Refuge - Marion, Williamson County, IL

ELEVATION : 424 ft amsl

DRILLING CONTRACTOR : Terra Dirill, Driller: Matt Cooper

DRILLING EQUIPMENT AND METHOD : Hollow Stem Auger "ATV" Drill Rig, 3 1/4" Augers and 5' Macro Sampler

ORIENTATION: Vertical

WATER LEVELS : Not Applicable

START : 10/4/11 13:05

END : 10/4

11

4:00 LOGGER : Jayson Burkard

DEPTH BELOW EXISTING GRADE (ft)

INTERVAL (ft

RECOVERY (ft)

PID
TEST
RESULTS
(ppm)

SOIL DESCRIPTION

COMMENTS

#TYPE

SOIL NAME, USCS GROUP SYMBOL, COLOR,
MOISTURE CONTENT, RELATIVE DENSITY OR
CONSISTENCY, SOIL STRUCTURE, MINERALOGY

SYMBOLIC LOG

DEPTH OF CASING, DRILLING RATE,
DRILLING FLUID LOSS, TESTS, AND
INSTRUMENTATION

45|

39.0-44.0' - Lean Clay (CL), Medium Gray (10YR 5/1),
Slightly Moist to Moist, Plastic, Less Gravel Clast
within unit and No Weathered Sandstone Pieces
within unit

Driller Note: Stop drming at 44.0' bgs




‘ CH2MHILL

PROJECT NUMBER

423535

BORING NUMBER:

SB-141

SHEET 1 OF 2

SOIL BORING LOG

PROJECT : Plume 2 Supplemental Site Characterization Investigation

LOCATION : Crab Orchard National Wildlife Refuge - Marion, Williamson County, IL

ELEVATION : 426.15 ft amsl

DRILLING CONTRACTOR : Terra Dirill, Driller: Matt Cooper

DRILLING EQUIPMENT AND METHOD : Hollow Stem Auger "ATV" Drill Rig, 3 1/4" Augers and 5' Macro Sampler

ORIENTATION: Vertical

WATER LEVELS : Not Applicable START : 10/4/11.08:15 END : 10/4/11 10:20 LOGGER : Jayson Burkard
DEPTH BELOW EXISTING GRADE (ft) PID SOIL DESCRIPTION o COMMENTS
INTERVAL (ft) Rggusl}s g
RECOVERY (ft (ppm) SOIL NAME, USCS GROUP SYMBOL, COLOR, ] DEPTH OF CASING, DRILLING RATE,
() MOISTURE CONTENT, RELATIVE DENSITY OR g DRILLING FLUID LOSS, TESTS, AND
H#TYPE CONSISTENCY, SOIL STRUCTURE, MINERALOGY E INSTRUMENTATION
)
0.0 0.0 0.0-1.3 - Silt (ML), Brown (10YR 4/3), Slightly Moist,
Macro O-O Firm, Some Gray Mottling 7]
28 | Ran4 0.0 1.3-2.5' - Silt (ML), Brown (10YR 4/3), Dry, Firm, B .
NA Some Gray Mottling = ]
4.0 2.5-2.8' - Silt with Little Lean Clay (ML), Light Gray i
5 | 0.0 (10YR 5/1), Some Color Mottling ]
0.6 2.8-4.0' - No Recovery at Surface |
4.9 |Macro 3.8 4.0-6.5' - Silt with Very Little Lean Clay (ML), Light ) o
Run 2 57 Gray (10YR 7/1)‘ Slightly Moist, Firm Geologlst Note: S|Ight odor —
3.7 6.5-9.0' - Lean Clay (CL), Brown to Light Gray (10YR 1
9.0 4/3 to 10YR 7/1), Moist, Medium Plasticity ) _ i
10 84.0 9.0-11.4 - Lean Clay (CL), Brown to Light Gray (10YR _l/] Geologist Note: strong odor _
63.0 4/3 to 10YR7/1), Slightly Moist, Firm, Medium
24 Macro NA Plasticity s i
Run 3 NA 11.4-14.0' - No Recovery at Surface 1 1
14.0 NA | i
15 14.0-19.0' - Lean Clay (CL), Brown (10YR 4/3), Moist Geologist Note: extremely strong odor ]
28.2 from 14.0-17.5' and Wet from 17.5-18.5', Firm to Stiff, ] ]
5.0 Macro :13;; Medium Plasticity, Black Staining throughout run E E
. Run 4 122‘ 0 B B
19.0 7.0 ] Collect Sample @ 10:50 ]
20 19.0-20.0'- Lean Clay (CL), Brown (10YR 4/3), Moist Sample ID: 33-SB141-18
82.0 to Wet, Firm to Stiff, Medium Plasticity, Black Staining ||| —
Macro 21.0 throughout run /— EHE E
39 1Runs 32 20.0-21.2 - Silty Sand with Litle Lean Clay (SM), i i
NA _\ Brown (10YR 4/3), Wet to Saturated, Loose, Very [ |
24.0 _\ Fine Grain Sand
25 21.2-22.3' - Lean Clay (CL), Brown (10YR 4/3), Wet to T
7.1 Saturated, Medium Plasticity —
50 |Macro 1;-33 22.3-22.9 - Lean Clay (ML), Brown (10YR 4/3), Moist || .
’ Run 6 102 22.9-24.0' - No Recovery at Surface | B
47 24.0-28.5' - Lean Clay (CL), Brown (10YR 4/3), Moist | ]
29.0 to Wet, Firm, Low Plasticity 11 a
30 15.2 28.5-29.0' - Silty Sand with Some Lean Clay (SM), /
13- : Brown (10YR 4/3), Saturated / ]
4.4 Macro 27 29.0-34.0' - Sandy Lean Clay (CL), Brown to Gray VYV ]
. Run 7 4'9 (10YR 4/3 to 10YR 5/1), Wet to Saturated, Stiff, Low 47/ E
NA Plasticity, Sporadic Gray Fine Grain Sand Seams _/ ]
34.0 / ]
35 34.0-38.0'- Sandy Lean Clay (CL), Brown to Gray
3.4 (10YR 4/3 to 10YR 5/1), Moist to Wet, Firm to Stiff, -]
Macro 4.5 Sporadic Gravel Clasts up to 1/4" in size throughout E
50 |m 2.8 run
un 8 24 . ]
39.0 0.0 38.0-40.5 - Poorly-Graded Sand (SP), Brown to Light |- ]
40 Gray (10YR 4/3 to 10YR 7/1), Wet to Saturated, 1 7]
0.2 Loose, Medium to Coarse Grain Sand —. e
Macro 0.0 40.5-41.8' - Clayey Sand (SC), Brown to Medium Gray 7 -
40 | Runo 0.0 (10YR 4/3 to 10YR 5/1), Moist to Wet, Medium Grain i
0.0 Sand
440 0.0 41.8-43.0 - Lean Clay (CL), Gray (10YR 5/1), i
45 Sporadic Gravel Clast within Lean Clay ]
0.0 43.0-44.0' - No Recovery at Surface —]
Macro 0.0 44.0-48.0' - Lean Clay (CL), Gray (10YR 5/1), Less E E
4.0 Run 10 0.0 Sporadic Gravel Clast within Lean Clay ] ]
0.0 ]
49.0 Driller Note: Stop drilling at 49' bgs




0 CH2MHILL

PROJECT NUMBER BORING NUMBER:

423535 SB-141

SHEET 2 OF 2

SOIL BORING LOG

PROJECT : Plume 2 Supplemental Site Characterization Investigation

LOCATION : Crab Orchard National Wildlife Refuge -

Marion, Williamson County, IL

ELEVATION : 426.15 ft amsl

DRILLING CONTRACTOR : Terra Dirill, Driller: Matt Cooper

DRILLING EQUIPMENT AND METHOD : Hollow Stem Auger "ATV" Drill Rig, 3 1/4" Augers and 5' Macro Sampler

ORIENTATION: Vertical

WATER LEVELS : Not Applicable

START : 10/4/11 08:15 END : 10/4/11 10:20

LOGGER : Jayson Burkard

DEPTH BELOW EXISTING GRADE (ft) PID

TEST
RESULTS

RECOVERY (ft) (ppm)

INTERVAL (ft)

SOIL DESCRIPTION

COMMENTS

#TYPE

SOIL NAME, USCS GROUP SYMBOL, COLOR,
MOISTURE CONTENT, RELATIVE DENSITY OR
CONSISTENCY, SOIL STRUCTURE, MINERALOGY

SYMBOLIC LOG

DEPTH OF CASING, DRILLING RATE,
DRILLING FLUID LOSS, TESTS, AND
INSTRUMENTATION

50_|

70_|

95 |




“ CH2MHILL

PROJECT NUMBER:

423535

BORING NUMBER:

SB-142

SHEET 1 OF 2

SOIL BORING LOG

PROJECT : Plume 2 Supplemental Site Characterization Investigation

LOCATION : Crab Orchard National Wildlife Refuge - Marion, Williamson County, IL

ELEVATION : 426 ft amsl

DRILLING CONTRACTOR : Terra Drill, Driller: Joe Brown

DRILLING EQUIPMENT AND METHOD : Hollow Stem Auger "ATV" Drill Rig, 3 1/4" Augers and 5' Macro Sampler

WATER LEVELS ! Not Applicable

DEPTH BELOW EXISTING GRADE ()

START : 10/4/11 08:40 END : 10/4

11

0:22

LOGGER : Carrie Wallestad

SOIL DESCRIPTION

COMMENTS

STANDARD IO}
NTERVAL FENETEATON :
RECOVERY (in) SOIL NAME, USCS GROUP SYMBOL, COLOR, % DEPTH OF CASING, DRILLING RATE,
MOISTURE CONTENT, RELATIVE DENSITY OR g DRILLING FLUID LOSS, TESTS, AND
#TYPE 666" CONSISTENCY, SOIL STRUCTURE, MINERALOGY = INSTRUMENTATION
(N) n
0.0 Fat Clay (CH) 7 0.0
0.0-3.5" - yellowish brown, (10YR 5/4), some, moist, 7 / 0.0
35 Macro soft, 0.0-3.5' - Fat Clay (CH), Yellowish Brown (10YR . / 0.0
: Run 1 5/4), Moist, Soft, Some Color Mottling, <5% Fine Grain ] A 0.0
Sand ] NA
5 5.0 3.5-5'- 3.5-5.0' - No Recovery at Surface
Lean Clay (CL) 1 0.0
5.0-10.0" - yellowish brown, (10YR 5/4), some, slightly 0.0
5 Macro moist, stiff, 5.0-10.0' - Lean Clay (CL), Yellowish Brown | 0.0
Run 2 (10YR 5/4), Slightly Moist, Stiff, Some Color Mottling g 8.8
10 10.0
Clay With Silt (CL) 17
10.0-13.0" - yellowish brown, (10YR 5/4), some, slightly ]| 0.8
5 Macro moist, stiff, 10.0-13.0' - Lean Clay (CL), Yellowish . 1.0
Run 3 Brown (10YR 5/4), Slightly Moist, Stiff, Some Color 12.6
[\ Mottiing /U] o4
15| 150 Clay With Silt (CL)
14.0-15.0" - yellowish brown, (10YR 5/4), slightly moist, 7.8
stiff, 13.0-15.0' - Lean Clay (CL), Yellowish Brown 7] 11.0
Macro (10YR 5/6), Slightly Moist, Stiff, About 20% 1 7.0
5 Run 4 Charcoal/Organics ] 11.6
15-20' - Same as 14.0-15.0 except 15.0-20.0' - Lean | 6.6
20 20.0 Clay (CL), Yellowish Brown (10YR 5/6), Slightly Moist,
Stiff, <10% Charcoal/Organics 108.0
Silty Clay (CL) 1.7
5 Macro 20.0-21.0" - yellowish brown, (10YR 5/4), moist, stiffto | 24
Run 5 firm, 20.0-21.0' - Lean Clay (CL), Yellowish Brown - 8.5
(10YR 5/6), Moist, Soft to Firm, Increased Silt Content 1.6
25 25.0 _‘ 21-23.5' - Same as 14.0-15.0 except 21.0-23.5' - Lean
Clay (CL), Yellowish Brown (10YR 5/6), Slightly Moist, 29.4
St|ff 21.2
5 | Maco Sandy Clay (CL) ] 411
Run 6 —\ 23.5-24.0" - yellowish brown, (10YR 5/4), moist, soft, [ 89.5
fine grained, 23.5-24.0' - Sandy Clay (CL), Yellowish . 26.3
30 30.0 Brown (10YR 5/6), Moist, Soft, Poorly-Graded Fine
Grain Sand 10.5
Silty Clay (CL) 13.0
5 | Maco 24.0-25.0" - yellowish brown, (10YR 5/4), moist, firm, [ ] 111.0
Run7 24.0-25.0' - Lean Clay (CL), Yellowish Brown (10YR || 58.7
5/6), Moist, Firm i | | | ar7
35 | 350 Clay With Silt (CL) P72,
25.0-27.5" - yellowish brown, (10YR 5/4), slightly moist, [ Sample collected @ 10:41
stiff, 25.0-27.5' - Lean Clay (CL), Yellowish Brown Sample ID: 33-SB142-35
15 | Macro (10YR 5/4), Slightly Moist, Stiff 7 81.0
’ Run 8 Silty Clay (CL) - 78.2
27.5-30.0" - yellowish brown, (10YR 5/4), slightly moist, [ - NA
40 | 400 stiff, 27.5-30.0' - Lean Clay (CL), Yellowish Brown NA
(10YR 5/4), Slightly Moist, Stiff ] ’1\‘/3
Clay With Silt (CL) 74
5 Macro 30.0-32.5" - dark yellowish brown, (10YR 4/4), slightly 17
Run 9 moist, stiff, 30.0-32.5' - Lean Clay (CL), Dark Yellowish |{ff - 1'3
Brown (10YR 4/4), Slightly Moist, Stiff - 13
Ao el Sandy Clay (CL) Sample collected @ 10:50
32.5-33.0 -'yeIIOW|sh b_rown, (10YR 5{4), wet to i Sample ID: 33-SB142-41
Macro saturated, firm, fine grained, 32.5-33.0' - Sandy Lean
4 Run 10 Clay (CL), Yellowish Brown (10YR 5/4), Saturated, ]
490 Firm, Poorly-Graded Fine Grain Sand 1




‘ CH2MHILL

423535

PROJECT NUMBER: BORING NUMBER:

SB-142 SHEET 2 OF 2

SOIL BORING LOG

PROJECT : Plume 2 Supplemental Site Characterization Investigation

LOCATION : Crab Orchard National Wildlife Refuge - Marion, Williamson County, IL

ELEVATION : 426 ft amsl

DRILLING CONTRACTOR : Terra Drill, Driller: Joe Brown

DRILLING EQUIPMENT AND METHOD : Hollow Stem Auger "ATV" Drill Rig, 3 1/4" Augers and 5' Macro Sampler

WATER LEVELS ! Not Applicable

START : 10/4/11 08:40 END : 10/4/11 10:22 LOGGER : Carrie Wallestad
DEPTH BELOW EXISTING GRADE () |  staNDARD SOIL DESCRIPTION © COMMENTS

PENETRATION e
INTERVAL () TEST RESULTS o

RECOVERY (in) SOIL NAME, USCS GROUP SYMBOL, COLOR, 5 DEPTH OF CASING, DRILLING RATE,

MOISTURE CONTENT, RELATIVE DENSITY OR 8 DRILLING FLUID LOSS, TESTS, AND

ZTYPE T CONSISTENCY, SOIL STRUCTURE, MINERALOGY s INSTRUMENTATION

(N) »

50 |

55_|

65 |

75_|

85_|

Silt With Clay (ML)

33.0-34.5" - brown, (10YR 5/3), slightly moist, stiff,
33.0-34.5' - Silt with Little Lean Clay (ML), Brown
(10YR 5/3), Slightly Moist, Stiff

Clayey Sand (SC)

34.5-35.0" - yellowish brown, (10YR 5/4), saturated,
loose, medium grained, 34.5-35.0' - Clayey Sand (SC),
Yellowish Brown (10YR 5/4), Saturated, Loose,
Poorly-Graded Medium Grain Sand

Sandy Silt (ML)

35.0-35.5" - yellowish brown, (10YR 5/4), saturated,
soft, fine grained, 35.0-35.5' - Sandy Silt (ML),
Yellowish Brown (10YR 5/4), Saturated, Soft,
Poorly-Graded Fine Grain Sand

stiff, 35.5-36.5' - Lean Clay (CL), Yellowish Brown
(10YR 5/4), Slightly Moist, Stiff

ilty Clay (CL)

40.0-45.0" - dark gray, (10YR 4/1), moist, firm,
40.0-45.0' - Lean Clay (CL), Dark Gray (10YR 4/1),
Moist, Firm, <5% Angular Medium to Coarse Grain
Sand

45-48.5' - Same as 40.0-45.0' except 45.0-48.5' - Lean
Clay (CL), Dark Gray (10YR 4/1), Moist, Firm, <56%
ngular Medium to Coarse Grain Sand

Weathered Sandstone

48.5-49.0" - gray, (10YR 5/1), fine grained, 48.5-49.0' -
\Weathered Sandstone, Gray (10YR 5/1), Fine Grain
ISand, High Mica Content

Bottom of Boring at 49.0 ft bgs on 10/4/11 10:22




‘ CH2MHILL

PROJECT NUMBER

423535

BORING NUMBER:

SB-143

SHEET 1 OF 2

SOIL BORING LOG

PROJECT : Plume 2 Supplemental Site Characterization Investigation

LOCATION : Crab Orchard National Wildlife Refuge - Marion, Williamson County, IL

ELEVATION : 426 ft amsl

DRILLING CONTRACTOR : Terra Dirill, Driller: Matt Cooper

DRILLING EQUIPMENT AND METHOD : Hollow Stem Auger "ATV" Drill Rig, 3 1/4" Augers and 5' Macro Sampler

ORIENTATION: Vertical

WATER LEVELS : Not Applicable START : 10/12/11 08:45 END : 10/12/11 09:35 LOGGER : Jayson Burkard
DEPTH BELOW EXISTING GRADE (ft) PID SOIL DESCRIPTION o COMMENTS
o)
INTERVAL (ft) Rggusl}s 2
RECOVERY (ft (ppm) SOIL NAME, USCS GROUP SYMBOL, COLOR, 8 DEPTH OF CASING, DRILLING RATE,
() MOISTURE CONTENT, RELATIVE DENSITY OR @ DRILLING FLUID LOSS, TESTS, AND
H#TYPE CONSISTENCY, SOIL STRUCTURE, MINERALOGY E INSTRUMENTATION
)
| o0 0.0-3.1' - Lean Clay (CL), Yellowish Brown (10YR ] i
i 5/8), Moist, Soft to Firm, Medium Plasticity, Trace ]
| 0.0 Sand | |
| 34 |Macro 0.0 | |
i . Run 1 0.0 a a
— NA - -
1 40 3.1-4.0" - No Recovery at Surface ] ]
i ‘ 4.0-6.0" - Lean Clay (CL), Brown (10YR 4/3), Slightly :
5_ | Moist to Moist, Firm, Low Plasticity, High Silt content |
— 0-4 - -
: 34 Macro gg 6.0-7.4' - Lean Clay (CL), Reddish Yellow (7.5YR 6/8), | ]
i : Run 2 N- A Moist, Soft, Medium Plasticity ] |
N NA 7.4-9.0' - No Recovery at Surface ] ]
1 90 ] ]
i 9.0-10.1' - Lean Clay (CL), Reddish Yellow (7.5YR ]
10_| 6/8), Moist, Soft, Medium Plasticity ] ]
i 145 10.1-10.7' - Silt with Trace Sand (ML), Brown (10YR | ]
] 3_'7 4/3), Moist to Wet, Soft, Extremely Fine Grain Sand i i
. 4 | Macro 4 10.7-12.4' - Lean Clay (CL), Brown to Light Gray - -
3 Run 3 33 ) f .
4 un NA (10YR 4/3 to 10YR 7/1), Moist, Soft, Medium Plasticity ]
i NA = ]
1 140 ] ]
i 14.0-19.0' - Lean Clay (CL), Brown to Light Gray a a
15_| (10YR 4/3 to 10YR 7/1), Moist, Soft, Medium Plasticity | ]
i 65 a Sample collected @ 09:45, 09:55
| 249 | Sample ID: 33-SB143-15, 33-FDUP-007
Macro ’
B 5.0 38.7 E E
i Run 4 26.8 a a
R 43.3 . .
1 190 ] ]
i 19.0-20.3' - Lean Clay (CL), Brown to Light Gray a a
20_ | (10YR 4/3 to 10YR 7/1), Moist, Soft, Medium Plasticity | ]
T 10.8 20.3-21.3' - Sandy Lean Clay (CL), Brown (10YR 4/3), ]
B M 12.1 Moist to Wet, Soft, Medium Plasticity h b
- 4.1 | nacro 187 ' : E .
- Run 5 : 21.3-23.1"' - Lean Clay (CL), Brown to Yellowish
— 5.8 Brown (10YR 4/3 to 10YR 5/8), Slightly Moist to Moist, 1
— NA Firm, Low Plasticity . .
1 240 23.1-24.0' - No Recovery at Surface ] ]
i . 24.0-29.0' - Lean Clay (CL), Yellowish Brown (10YR :
25| 5/8), Dry to Slightly Moist, Firm to Stiff, Sporadic ]
i 13.9 Gravel Clast within Lean Clay up to 1/4" in size | i
. 19.2 : :
- 50 |Macro | 130 . .
. un 6 10.6 - -
. 0.6 . .
1 290 ] ]
i M 29.0-30.5' - Highly Weathered Sandstone, Brown ]
30_| 1.5 Rsr‘ir? 8.0 (10YR 4/3), Fine to Medium Grain Sand, Compotent o ]
30.5 Sandstone at 30.5' -] Driller Note: Hit Refusal at 30.5' bgs




0 CH2MHILL

PROJECT NUMBER

423535

BORING NUMBER:

SB-143

SHEET 2 OF 2

SOIL BORING LOG

PROJECT : Plume 2 Supplemental Site Characterization Investigation

LOCATION : Crab Orchard National Wildlife Refuge - Marion, Williamson County, IL

ELEVATION : 426 ft amsl

DRILLING CONTRACTOR : Terra Dirill, Driller: Matt Cooper

DRILLING EQUIPMENT AND METHOD : Hollow Stem Auger "ATV" Drill Rig, 3 1/4" Augers and 5' Macro Sampler

ORIENTATION: Vertical

WATER LEVELS : Not Applicable

START : 10/12/11 08:45

END : 10/12/11 09:35

LOGGER : Jayson Burkard

DEPTH BELOW EXISTING GRADE (ft)

SOIL DESCRIPTION

COMMENTS

SOIL NAME, USCS GROUP SYMBOL, COLOR,
MOISTURE CONTENT, RELATIVE DENSITY OR
CONSISTENCY, SOIL STRUCTURE, MINERALOGY

SYMBOLIC LOG

DEPTH OF CASING, DRILLING RATE,
DRILLING FLUID LOSS, TESTS, AND
INSTRUMENTATION

PID
INTERVAL (ft) Rggusl:rTs
RECOVERY (ft) (ppm)
#TYPE

35 ]
40 |
45 |
50_]
55 ]
60 |




‘ CH2MHILL

PROJECT NUMBER

423535

BORING NUMBER:

SB-144

SHEET 1 OF 2

SOIL BORING LOG

PROJECT : Plume 2 Supplemental Site Characterization Investigation

LOCATION : Crab Orchard National Wildlife Refuge - Marion, Williamson County, IL

ELEVATION : 426 ft amsl (approximate)

DRILLING CONTRACTOR : Terra Dirill, Driller: Matt Cooper

DRILLING EQUIPMENT AND METHOD : Hollow Stem Auger "ATV" Drill Rig, 3 1/4" Augers and 5' Macro Sampler

ORIENTATION: Vertical

10_|

15|

20_]

25 ]

30_7]

WATER LEVELS : Not Applicable START : 10/5/11.08:20 END : 10/5/11 10:00 LOGGER : Jayson Burkard
DEPTH BELOW EXISTING GRADE (ft) PID SOIL DESCRIPTION ® COMMENTS
o]
INTERVAL (ft) Rggusl}s 2
RECOVERY (ft (ppm) SOIL NAME, USCS GROUP SYMBOL, COLOR, 8 DEPTH OF CASING, DRILLING RATE,
() MOISTURE CONTENT, RELATIVE DENSITY OR @ DRILLING FLUID LOSS, TESTS, AND
H#TYPE CONSISTENCY, SOIL STRUCTURE, MINERALOGY E INSTRUMENTATION
)
0.0 0.0-1.2' - Lean Clay (CL), Brown (10YR 4/3), Slightly |
Moist, Firm, Medium Plasticity i
Macro 29 1.2-2.6 - Silt (ML), Brown to Light Gray (10YR 4/3 0 -
3.2 Run 1 0.0 10YR 7/1), Dry, Firm to Stiff i
NA 2.6-3.2' - Lean Clay (CL), Brown (10YR 4/3), Slightly |
40 Moist, Firm, Medium Plasticity .
- 3.2-4.0' - No Recovery at Surface ,
4.0-7.9' - Lean Clay (CL), Brown (10YR 4/3), Moist, 7]
01 Firm, Medium Plasticity ]
0.1 ]
Macro |
3.9 Run 2 8% i
NA ]
7.9-9.0' - No Recovery at Surface ]
9.0 ]
9.0-12.2' - Lean Clay (CL), Brown to Light Gray (10YR |
4/3 to 10YR 7/1), Slightly Moist, Firm, Soft at ]
14.2 0.6-11.2', Moist and Some Black Coal/Organics ]
84.0 Geologist Note: Slight Odor .
3o |Macro 520 Sample collected @ 09:55, 10:00 i
Run 3 NA Sample ID: 33-SB144-11, 33-FDUP-003 B
NA 12.2-14.0' - No Recovery at Surface T
14.0 ]
14.0-19.0' - Lean Clay (CL), Brown to Light Gray |
(10YR 4/3 to 10YR 7/1), Slightly Moist, Firm, Medium __| ]
70.0 Plasticity, Some Black Organic Staining throughout i
M 46.7 run ]
acro
5.0 38.7 B
Run 4 11.4 i
6.8 ]
19.0 ]
19.0-24.0' - Lean Clay (CL), Brown to Light Gray |
(10YR 4/3 to 10YR 7/1), Slightly Moist, Firm, Medium __| ]
18.6 Plasticity, Some Black Organic Staining throughout ]
63.0 run, Moist to Wet and Soft at 21.3-21.6', Moist to Wet .
50 |Macro 68.6 and Soft at 22.1-22.0' ]
. Run 5 ’
14.1 y
15.2 7
24.0 ]
24.0-24.3' - Poorly-Graded Sand (SP), Brown (10YR |
4/3), Wet to Saturated, Loose, Fine to Medium Grain _
2.7 Sand ]
M 10.1 24.3-25.4' - Clayey Sand (SC), Brown (10YR 4/3), E
5.0 Racrg 31.0 Wet to Saturated, Soft, Slightly Loose, Fine Grain E
un 18.4 Sand .
17.2 25.4-29.0' - Lean Clay with Trace Sand Seams (CL), ]
Yellowish Brown (10YR 5/8), Slightly Moist, Firm ]
29.0 ]
29.0-33.0' - Silt with little Lean Clay (ML), Brown |
(10YR 4/3), Moist to Wet, Firm, Non Plastic ]
15.5 ]
Macro 36.0 |
43 |run7 | 303 ]
130.4 ]




0 CH2MHILL

PROJECT NUMBER

423535

BORING NUMBER:

SB-144

SHEET 2 OF 2

SOIL BORING LOG

PROJECT : Plume 2 Supplemental Site Characterization Investigation

LOCATION : Crab Orchard National Wildlife Refuge - Marion, Williamson County, IL

ELEVATION : 426 ft amsl (approximate)

DRILLING CONTRACTOR : Terra Dirill, Driller: Matt Cooper

DRILLING EQUIPMENT AND METHOD : Hollow Stem Auger "ATV" Drill Rig, 3 1/4" Augers and 5' Macro Sampler

ORIENTATION: Vertical

WATER LEVELS : Not Applicable START : 10/5/11 08:20 END : 10/5/11 10:00 LOGGER : Jayson Burkard
DEPTH BELOW EXISTING GRADE (ft) PID SOIL DESCRIPTION o COMMENTS
o
INTERVAL (ft) Rggusl}s 2
RECOVERY (f) (ppm) SOIL NAME, USCS GROUP SYMBOL, COLOR, 8 DEPTH OF CASING, DRILLING RATE,
MOISTURE CONTENT, RELATIVE DENSITY OR o DRILLING FLUID LOSS, TESTS, AND
#TYPE CONSISTENCY, SOIL STRUCTURE, MINERALOGY £ INSTRUMENTATION
[2]
34.0 33.0-33.3" - Weathered Sandstone, Brown (10YR 4/3) /- Sample collected @ 10:10 1

35 ]

40 ]

45_ ]

50_]

55_]

60_]

65 ]

7] Sample ID: 33-SB144-33 7]

] Driller Note: Hit Refusal at 33.3' bgs ]




‘ CH2MHILL

PROJECT NUMBER

423535

BORING NUMBER:

SB-145

SHEET 1 OF 1

SOIL BORING LOG

PROJECT : Plume 2 Supplemental Site Characterization Investigation

LOCATION : Crab Orchard National Wildlife Refuge - Marion, Williamson County, IL

ELEVATION : 426 ft amsl

DRILLING CONTRACTOR : Terra Dirill, Driller: Matt Cooper

DRILLING EQUIPMENT AND METHOD : Hollow Stem Auger "ATV" Drill Rig, 3 1/4" Augers and 5' Macro Sampler

ORIENTATION: Vertical

WATER LEVELS : Not Applicable

START : 10/11/11 13:00

END : 10/11/11 13:45

LOGGER : Jayson Burkard

DEPTH BELOW EXISTING GRADE (ft) PID SOIL DESCRIPTION ® COMMENTS
INTERVAL (ft RESULTS g
RECOVERY (1t (opm) SOIL NAME, USCS GROUP SYMBOL, COLOR, = DEPTH OF CASING, DRILLING RATE,
() MOISTURE CONTENT, RELATIVE DENSITY OR @ DRILLING FLUID LOSS, TESTS, AND
H#TYPE CONSISTENCY, SOIL STRUCTURE, MINERALOGY E INSTRUMENTATION
)
| o0 0.0-2.0" - Silt (ML), Brown to Light Gray (10YR 4/3 to i
| 10YR 7/1), Dry, Soft to Firm |
i 0.0 ]
i 3.0 Macro 0.0 a
| : Run 1 0.0 2.0-3.2" - Lean Clay (CL), Light Gray (10YR 7/1), |
| NA Slightly Moist, Firm, Low Plasticity ]
1 40 3.2-4.0' - No Recovery at Surface -
i . 4.0-6.8' - Lean Clay (CL), Light Gray and Brown Collected sample @ 14:05 :
5 | (10YR 7/1 and 10YR 4/3), Dry, Soft, Low Plasticity Sample ID: 33-SB145-04 ]
4 0.4 ]
] Macro 0.9 ]
] 3.8 Run 2 0.6 ]
T NA 6.8-7.8' - Silt with Sand (ML), Light Brown (10YR 4/3), b
- NA Moist, Soft, Loose g
1 7.8-9.0" - No Recovery at Surface .
1 90 ]
i 9.0-10.0'" - Silt with Sand (ML), Light Brown (10YR ]
10__| 4/3), Moist, Soft, Loose ]
i 10.0-13.3' - Lean Clay (CL), Light Gray to Brown ]
] 0.0 (10YR 7/1 to 10YR 4/3), Slightly Moist, Firm to Stiff, ]
] 43 |Macro 8-8 Low Plasticity Collected sample @ 14:00 i
| . Run 3 O-O Sample ID: 33-SB145-11 |
4 NA ]
1 140 13.3-14.0' - No Recovery at Surface .
| 14.0-19.0' - Lean Clay (CL), Light Brown (10YR 4/3), :
15 Slightly Moist, Firm, Medium Plasticity, Sporadic
] Black staining throughout run ]
4 0.0 ]
— O-O -
i Macro |
i 50 Run 4 88 ]
B 0.0 ]
1 190 ]
| 19.0-19.5' - Lean Clay (CL), Light Brown (10YR 4/3), |
20 Slightly Moist, Firm, Medium Plasticity, Sporadic
] Black staining throughout run ]
T 0.6 19.5-24.0' - Lean Clay (CL), Brown to Light Brown N
T Macro 0.0 (10YR 4/3), Gravel Clast 1/8" to 1/2" in diameter ]
: 5.0 Run 5 8(13 sporadically spread throughout run :
B 0.2 ]
1 240 4
i 24.0-28.0' - Lean Clay (CL), Brown to Light Brown Geologist Note: material stretched (clay)
25 (10YR 4/3), Gravel Clast 1/8" to 1/2" in diameter which accounts for extra recovery
] 26 sporadically spread throughout run ]
i 5.0 Macro 1.5
i ’ Run 6 34 Geologist Note: sandstone mostly pulverized
| 1.2 by drilling method |
1 280 Driller Note: Hit Refusal at 28.0' bgs 7]
i 28.0' - Highly Weathered Sandstone, Brown (10YR ]
4/3), Fine to Medium Grain Weakly Cemented Sand




‘ CH2MHILL

PROJECT NUMBER

423535

BORING NUMBER:

SB-146

SHEET 1 OF 1

SOIL BORING LOG

PROJECT : Plume 2 Supplemental Site Characterization Investigation

LOCATION : Crab Orchard National Wildlife Refuge - Marion, Williamson County, IL

ELEVATION : 427 ft amsl (approximate)

DRILLING CONTRACTOR : Terra Dirill, Driller: Matt Cooper

DRILLING EQUIPMENT AND METHOD : Hollow Stem Auger "ATV" Drill Rig, 3 1/4" Augers and 5' Macro Sampler

ORIENTATION: Vertical

WATER LEVELS : Not Applicable START : 10/5/11.11:15 END : 10/5/11 12:05 LOGGER : Jayson Burkard
DEPTH BELOW EXISTING GRADE (ft) PID SOIL DESCRIPTION o COMMENTS
o]
INTERVAL (ft) Rggusl}s 2
RECOVERY (ft (ppm) SOIL NAME, USCS GROUP SYMBOL, COLOR, 8 DEPTH OF CASING, DRILLING RATE,
() MOISTURE CONTENT, RELATIVE DENSITY OR @ DRILLING FLUID LOSS, TESTS, AND
H#TYPE CONSISTENCY, SOIL STRUCTURE, MINERALOGY E INSTRUMENTATION
)
4 o0 0.0-3.2' - Silt with Very Little Lean Clay (ML), i
i Yellowish Brown (10YR 5/8), Slightly Moist, Firm to |
| 0.0 Stiff, Low Plasticity | |
| 35 |Macro 0.0 | |
i . Run 1 0.0 ] ]
— NA - -
1 40 3.2-4.0' - No Recovery at Surface E E
i 4.0-8.2' - Lean Clay (CL), Reddish Yellow (7.5YR 6/8), | ]
5_| Slightly Moist at top and Moist at bottom of run, Firm ]
h 0.0 at top and Soft at bottom of run ] ]
— 1_9 - -
. 42 |RAoo | 473 . .
— 53.0 B B
— NA . .
1 90 8.2-9.0' - No Recovery at Surface E E
i 9.0-11.5' - Lean Clay (CL), Light Gray and Brown | ]
10__| (10YR 7/1 and 10YR 4/3), Moist, Soft to Firm, Medium __| ]
h 70 Plasticity, Black Staining at 11.3' ] ]
: 25 Macro 1,\‘62 ] :
i . Run 3 NA 11.5-14.0' - No Recovery at Surface | |
. NA . .
1 140 i i
i 14.0-17.1' - Lean Clay (CL), Light Gray and Brown a a
15| (10YR 7/1 and 10YR 4/3), Mostly Moist, Soft to Firm, __| ]
| 166 Wet from 15.4-15.6' a Sample collected @ 12:45 |
] - ] Sample ID: 33-SB146-15 ]
B 4.6 Macro 59 i i
i ’ Run 4 38 | |
] NA 17.1-18.0' - Silty Sand (SM), Yellowish Brown (10YR | || | i
] 5/8), Wet to Saturated, Soft, Very Fine Grain Sand, i
i Little Lean Clay present with Silty Sand ¥ ]
19.0 18.0-19.5' - Clayey Sand (SC), Yellowish Brown ] / ]
_ (10YR 5/8), Moist, Firm, Very Fine Grain Sand i
20_| 19.5-24.0' - Lean Clay (CL), Yellowish Brown (10YR —| —
B 16 5/8), Moist, Firm to Stiff, Medium Plasticity - -
— 13 - -
. 50 |Racr 13.4 - -
— 38 . .
B 19.8 B B
1 240 ] ]
i 24.0-29.0' - Lean clay (CL), Brown (10YR 4/3), Mostly | a
25 | Dry to Barely Moist, Stiff to Hard, Trace Gravel Clast __| ]
h 16.1 and Sand Seams, Silty Sand at 26.2-26.4', Dry, Loose ]
— 4_8 - -
Macro
B 5.0 3.0 1 1
i Run 6 07 a a
— 18 . .
1 290 ] ]
i M o1 29.0-30.8' - Lean clay (CL), Brown (10YR 4/3), Mostly |
30_ | 29 acro - Dry to Barely Moist, Stiff to Hard, Trace Gravel Clast __| ) e , ]
1 208 “ |Run7 0.5 and Sand Seams, Weathered Sandstone at 30.8' bgs Driller Note: Hit Refusal at 30.8' bgs ]




0 CH2MHILL

PROJECT NUMBER

423535

BORING NUMBER:

SB-147

SHEET 1 OF 2

SOIL BORING LOG

PROJECT : Plume 2 Supplemental Site Characterization Investigation

LOCATION : Crab Orchard National Wildlife Refuge - Marion, Williamson County, IL

ELEVATION : 426.41 ft amsl

DRILLING CONTRACTOR : Terra Dirill, Driller: Matt Cooper

DRILLING EQUIPMENT AND METHOD : Hollow Stem Auger "ATV" Drill Rig, 3 1/4" Augers and 5' Macro Sampler

ORIENTATION: Vertical

WATER LEVELS : Not Applicable START : 10/12/11.10:55 END : 10/12/11 11:55 LOGGER : Jayson Burkard
DEPTH BELOW EXISTING GRADE (ft) PID SOIL DESCRIPTION ® COMMENTS
o]
INTERVAL (ft) Rggusl}s 2
RECOVERY (ft (ppm) SOIL NAME, USCS GROUP SYMBOL, COLOR, 8 DEPTH OF CASING, DRILLING RATE,
() MOISTURE CONTENT, RELATIVE DENSITY OR @ DRILLING FLUID LOSS, TESTS, AND
#TYPE CONSISTENCY, SOIL STRUCTURE, MINERALOGY S INSTRUMENTATION
)
| oo 0.0-1.0" - Silt (ML), Brown (10YR 4/3), Soft, Loose ]
: 0.0 1.0-2.1' - Lean Clay (CL), Brown (10YR 4/3), Moist, ] :
Macro 0.0 Soft, Medium Plasticity
- 21 R 3 -
N un 1 ”ﬁ 2.1-4.0' - No Recovery at Surface i i
1 40 i} ]
| 4.0-4.7' - Lean Clay (CL), Brown (10YR 4/3), Moist, | |
5_ | Soft, Medium Plasticity ]
i 4.7-5.4' - Lean Clay with Gravel (CL), Brown (10YR | ]
] 0.0 4/3), Slightly Moist, Firm Collect sample @ 11:30 ]
] a3 |Macro 8-3 54-7.3 - Lean Clay (CL), Yellowish Brown to Light . _|///] Sample ID: 33-SB147-5.5, ]
: Run 2 NA Gray (10YR 5/8 to 10YR 7/1), Slightly Moist to Moist, 33-SB147-5.5-MS,
N NA Firm, Medium Plasticity 33-SB-147-5.5-MSD ]
] 7.3-9.0' - No Recovery at Surface ] ]
1 90 ] ]
i 9.0-13.7' - Lean Clay (CL), Yellowish Brown to Light ]
10 Gray (10YR 5/8 to 10YR 7/1), Slightly Moist, Firm,
] Low Plasticity, Black staining through out run ]
4 0.0 ] ]
4 0.1 ] ]
B Macro i i
i 47 Run 3 8? ] ]
B NA . ]
i ] Sample collected @ 11:45 ]
14.0 13.7-14.0' - No Recovery at Surface Sample ID: 33-SB147-13 -
15 1 14.0-19.0' - Lean Clay (CL), Yellowish Brown to Light E
5_| Gray (10YR 5/8 to 10YR 7/1), Slightly Moist (some ~ — —
- 05 minor Moist sections within run), Firm, Low Plasticity, ]
i 6-5 Black staining through out run ] ]
i 5.0 Macro 4'7 | |
i . Run 4 1-8 ] ]
B 2.3 . ]
1 190 ] ]
i 19.0-23.6' - Lean Clay (CL), Yellowish Brown to Light ]
20 Gray (10YR 5/8 to 10YR 7/1), Slightly Moist (some
] minor Moist sections within run), Firm, Low Plasticity, ~ | ]
T 3.5 Black staining through out run 7] ]
4 0.3 ] ]
i Macro a a
| 4.8 Run 5 gg | |
. 45 E i
1 240 [\ 23.6-23.8 - Sandy Clay (CL), Brown (10YR 4/3), = i
| Moist to Wet, Soft, Medium Plasticity ] ]
25 | .0-28.8" - Lean Clay , Brown ,Dryto ]
Moist, Firm to Stiff, Small 1/8" to 1/4" Gravel Clast
7 9.0 within Lean Clay T
] Macro 131 ] ]
1 5.0 Run 6 16.2 N N
E 16.4 . .
B NA . ]
: : Sample collected @ 12:00 :
29.0 4 Sample ID: 33-SB147-28




0 CH2MHILL

PROJECT NUMBER

423535

BORING NUMBER:

SB-147

SHEET 2 OF 2

SOIL BORING LOG

PROJECT : Plume 2 Supplemental Site Characterization Investigation

LOCATION : Crab Orchard National Wildlife Refuge - Marion, Williamson County, IL

ELEVATION : 426.41 ft amsl

DRILLING CONTRACTOR : Terra Dirill, Driller: Matt Cooper

DRILLING EQUIPMENT AND METHOD : Hollow Stem Auger "ATV" Drill Rig, 3 1/4" Augers and 5' Macro Sampler

ORIENTATION: Vertical

WATER LEVELS : Not Applicable

START : 10/12/11 10:55 END : 10/1

2/11 11:55

LOGGER : Jayson Burkard

SOIL DESCRIPTION

COMMENTS

SOIL NAME, USCS GROUP SYMBOL, COLOR,
MOISTURE CONTENT, RELATIVE DENSITY OR
CONSISTENCY, SOIL STRUCTURE, MINERALOGY

SYMBOLIC LOG

DEPTH OF CASING, DRILLING RATE,
DRILLING FLUID LOSS, TESTS, AND
INSTRUMENTATION

DEPTH BELOW EXISTING GRADE (ft) PID
INTERVAL (ft RESULTS
RECOVERY (ft) (ppm)
#TYPE
30_]
35_|
40_|
45 |
50_|
55_

(10YR 4/3) Wet, Fine to Medium Grain weakly

28.8-29.0' - Highly Weathered Sandstone, Brown ]
cemented Sand

Driller Note: Hit Refusal at 29.0 bgs




‘ CH2MHILL

PROJECT NUMBER

423535

BORING NUMBER:

SB-148

SHEET 1 OF 2

SOIL BORING LOG

PROJECT : Plume 2 Supplemental Site Characterization Investigation

LOCATION : Crab Orchard National Wildlife Refuge - Marion, Williamson County, IL

ELEVATION : 427 ft amsl (approximate)

DRILLING CONTRACTOR : Terra Dirill, Driller: Joe Brown

DRILLING EQUIPMENT AND METHOD : Hollow Stem Auger "ATV" Drill Rig, 3 1/4" Augers and 5' Macro Sampler

ORIENTATION: Vertical

WATER LEVELS : Not Applicable START : 10/5/11.11:15 END : 10/5/11 12:15 LOGGER : Carrie Wallestad
DEPTH BELOW EXISTING GRADE (ft) PID SOIL DESCRIPTION 10) COMMENTS
INTERVAL (ft) Rggusl}s g
RECOVERY (f) (ppm) SOIL NAME, USCS GROUP SYMBOL, COLOR, 8 DEPTH OF CASING, DRILLING RATE,
( MOISTURE CONTENT, RELATIVE DENSITY OR 2 DRILLING FLUID LOSS, TESTS, AND
#TYPE CONSISTENCY, SOIL STRUCTURE, MINERALOGY S INSTRUMENTATION
)
4 oo 0.0-1.0' - Lean Clay (CL), Yellowish Brown (10YR
i 5/4), Moist, Firm
i 1.0-2.0" - Lean Clay (CL), Yellowish Brown (10YR
] 0.0 5/6), Slightly Moist, Stiff, Limestone Gravel up to 1" in
Macr 0.4 size
: 45 |[Vacro 0.5
i ’ Run 1 0'3 2.0-3.0' - Silt (ML), Yellowish Brown (10YR 5/4), Dry,
| 0'4 Stiff, High number of organic roots present VY
| ’ 3.0-4.5' - Fat Clay (CH), Yellowish Brown (10YR 5/4), _/
| Slightly Moist, Stiff, High number of organic roots A
5 5.0 present
] 4.5-5.0' - No Recovery at Surface V)
| 5.0-7.5' - Fat Clay (CH), Yellowish Brown (10YR 5/4), _/
Slightly Moist, Stiff /
. 43 1 /
] M 51 i é
s 50 | acm 7.2 . : /'
i Run 2 8.4 7.5-8.0' - Lean Clay (CL), Light Yellowish Brown
] 10.4 (10YR 6/4), Moist, Soft
| ' 8.0-10.0' - Lean Clay (CL), Light Yellowish Brown
i (10YR 6/4), Slightly Moist, Stiff |
10 10.0
i 10.0-15.0' - Lean Clay (CL), Light Yellowish Brown ]
i (10YR 6/4), Slightly Moist, Stiff, Coal present within
Lean Clay from 14.0-15.0'
] 13.6 1
— 7-1 -
i Macro |
y 50 |Rina | 169 1
E 71 i
15_| 15.0 i
i 15.0-15.5"' - Lean Clay (CL), Light Yellowish Brown
] (10YR 6/4), Slightly Moist, Stiff
i 15.5-17.5' - Lean Clay (CL), Pale Brown (10YR 6/3),
| ;gg Moist, Soft, Some Color Mottling i
i 5.0 Macro 60. 4
i ’ Run 4 30.6 17.5-18.0' - Lean Clay (CL), Yellowish Brown (10YR
| 64.8 5/6), Slightly Moist, Stiff ]
| ’ 18.0-20.0' - Lean Clay with Sand (CL), Yellowish
| Brown (10YR 5/6), Moist, Firm, About 10-15% Fine
20 20.0 Grain Sand
i 20.0-20.5' - Sandy Clay (CL), Yellowish Brown (10YR
5/6), Saturated, Soft, High percentage Fine Grain
: Sand [
] 1.3 20.5-21.0' - Lean Clay with Sand (CL), Yellowish ]
] 40 | Macro ;«151 Brown (10YR 5/6), Moist, Firm, About 10-15% Fine |||
: Run 5 39-5 Grain Sand
7] NA 21.0-21.5' - Sandy Clay (CL), Yellowish Brown (10YR | |
7] 5/6), Saturated, Soft, High percentage Fine Grain ]
N Sand
25 | 250 21.5-24.0' - Lean Clay (CL), Yellowish Brown (10YR /_
5/4), Slightly Moist, Stiff /
] 24.0-25.0' - No Recovery at Surface T
i 20.9 25.0-26.0' - Lean Clay (CL), Brown (7.5YR 5/4), Moist, / |
| M 473 Firm, <10% Fine Grain Sand |
] Rﬁﬁrg 114 26.0-27.5' - Lean Clay (CL), Yellowish Brown (10YR
| 84.3 5/4), Moist, Stiff, 1/2" Clayey Gravel and Well-Graded /_
i 22.4 Sand at 27.5' i Sample collected @ 12:25
4 ] Sample ID: 33-SB148-28
29.5




0 CH2MHILL

PROJECT NUMBER

423535

BORING NUMBER:

SB-148

SHEET 2 OF 2

SOIL BORING LOG

PROJECT : Plume 2 Supplemental Site Characterization Investigation

LOCATION : Crab Orchard National Wildlife Refuge - Marion, Williamson County, IL

ELEVATION : 427 ft amsl (approximate)

DRILLING CONTRACTOR : Terra Dirill, Driller: Joe Brown

DRILLING EQUIPMENT AND METHOD : Hollow Stem Auger "ATV" Drill Rig, 3 1/4" Augers and 5' Macro Sampler

ORIENTATION: Vertical

LOGGER : Carrie Wallestad

WATER LEVELS : Not Applicable START : 10/5/11 11:15 END : 10/5/11 12:15
DEPTH BELOW EXISTING GRADE (ft) PID SOIL DESCRIPTION o COMMENTS
o]
INTERVAL (ft) Rggusl}s 2
RECOVERY (f) (ppm) SOIL NAME, USCS GROUP SYMBOL, COLOR, 8 DEPTH OF CASING, DRILLING RATE,
MOISTURE CONTENT, RELATIVE DENSITY OR @ DRILLING FLUID LOSS, TESTS, AND
H#TYPE CONSISTENCY, SOIL STRUCTURE, MINERALOGY E INSTRUMENTATION
)
30_ | 27.5-29.5' - Clay with Sand (CL), Brown (10YR 5/3), Driller Note: Hit Refusal at 29.5 bgs
Slightly Moist, Stiff, <10% Fine Grain Sand, Trace
: Gravel up to 1/2" in size ]
35| ]
40_] ]
45 ] ]
50_| ]
55_| ]




‘ CH2MHILL

423535

PROJECT NUMBER BORING NUMBER:

SB-149 SHEET 1 OF 2

SOIL BORING LOG

PROJECT : Plume 2 Supplemental Site Characterization Investigation

LOCATION : Crab Orchard National Wildlife Refuge - Marion, Williamson County, IL

ELEVATION : 427 ft amsl (approximate)

DRILLING CONTRACTOR : Terra Dirill, Driller: Joe Brown

DRILLING EQUIPMENT AND METHOD : Hollow Stem Auger "ATV" Drill Rig, 3 1/4" Augers and 5' Macro Samplers

ORIENTATION: Vertical

WATER LEVELS : Not Applicable START : 10/5/11.08:31 END : 10/5/11 09:21 LOGGER : Carrie Wallestad
DEPTH BELOW EXISTING GRADE (ft) PID SOIL DESCRIPTION ® COMMENTS
e}
INTERVAL (ft) Rggusl}s 2
RECOVERY (ft (ppm) SOIL NAME, USCS GROUP SYMBOL, COLOR, 8 DEPTH OF CASING, DRILLING RATE,
() MOISTURE CONTENT, RELATIVE DENSITY OR @ DRILLING FLUID LOSS, TESTS, AND
H#TYPE CONSISTENCY, SOIL STRUCTURE, MINERALOGY E INSTRUMENTATION
)
00 0.0 ) Macro 0.0-0.3' - Concrete 5 i
4 o3 M 0.3-1.3' - Lean Clay (CL), Yellowish Brown (10YR ] i
e 0.0 5/4), Moist, Firm, Color Mottling = i
1 0.0 1.3-2.3' - Lean Clay (CL), Yellowish Brown (10YR ] .
i 25 | Macro 0.0 5/4), Moist, Soft, Color Mottiing i
] un NA 2.3-2.5' - Lean Clay (CL), Yellowish Brown (10YR ] ]
i NA 5/4), Slightly Moist, Stiff, Color Mottling | |
5 1 s0 2.5-5.0" - No Recover at Surface . ]
| . 5.0-10.0" - Lean Clay (CL), Yellowish Brown (10YR ] __
i 5/4), Slightly Moist, Stiff, Color Mottling | |
i 0.0 ] ]
. 0.0 . .
Macro
B 5.0 0.0 1 1
] Run 2 0.0 i i
i 0.0 ] ]
10_] 10.0 i ]
| 10.0-13.5' - Lean Clay (CL), Yellowish Brown (10YR ] ]
i 5/4), Slightly Moist, Stiff, Color Mottling | |
i 0.0 ] ]
. 0.0 . .
Macro
B 3.5 0.0 1 1
i Run 3 0.0 | |
i NA 13.5-15.0' - No Recovery at Surface ]
15_1 15.0 | —
i 15.0-17.0' - Lean Clay (CL), Yellowish Brown (10YR | |
i 5/4), Slightly Moist, Stiff, Color Mottling | |
i 0.0 ] ]
] 4.0 Macro 82 17.0-19.0' - Lean Clay (CL), Yellowish Brown (10YR | ]
i . Run 4 24_0 5/4), Moist, Firm, About 5-10% Fine-Grain Sand | |
i NA ] ]
] 19.0-20.0' - No Recovery at Surface | ]
20 20.0 ]
i 20.0-21.0' - Lean Clay (CL), Yellowish Brown (10YR | |
_ 5/4), Moist, Firm, About 5-10% Fine-Grain Sand i
- 62.9 21.0-22.0' - Sandy Lean Clay (CL), Yellowish Brown -
— 68.6 (10YR 5/4), Moist, Firm, About 25% Well-Graded e
B 5.0 '\Rﬂﬁﬁrg 37.2 _\Sand, <10% Gravel up to 1" in size /— E
] 48.2 22.0-25.0' - Sandy Lean Clay (CL), Dark Yellowish 1 1
7] 10.8 Brown (10YR 4/4), Slightly Moist, Stiff, Color Mottling, T
] About 5% Rounded to Angular Gravel Clast within ] ]
25 25.0 Sandy Clay ]
25.0-27.0' - Sandy Lean Clay (CL), Dark Yellowish Driller Note: Blocked shoe resulting in sample |
_ 20 |Macro 124.3 Brown (10YR 4/4), Slightly Moist, Stiff, Color Mottling, | core loss |
] Run 6 397.5 About 5% Rounded to Angular Gravel Clast within i |
27.0 Sandy Clay, 2" Sandstone Cobble Sample collected @ 10:00 .
N 27.0-29.0' - Lean Clay (CL), Dark Yellowish Brown , . ; ,
. (10YR 4/4), Slightly Moist, Stiff, Trace Fine-Grain Y] Sample ID: 33-SB149-27 .
h Sand ] ]
i 569.4 29.0-30.0' - Silty Sand (SM), Dark Yellowish Brown 11!1] Sample collected @ 10:06 ]
30_ | Macro 242.3 (10YR 4/4), Saturated, Loose, Fine-Grain Sample ID: 33-SB149-29 _
_ 5.0 | Run7 142.9 Poorly-Graded Sand i i
- 31.2 30.0-33.5 - Lean Clay (CL), Dark Gray (10YR 4/1), - .
R 0.9 Slightly Moist, Stiff, About 5% Angular Sand and . 4
N Gravel T T
1 335 - i




0 CH2MHILL

PROJECT NUMBER

423535

BORING NUMBER:

SB-149

SHEET 2 OF 2

SOIL BORING LOG

PROJECT : Plume 2 Supplemental Site Characterization Investigation

LOCATION : Crab Orchard National Wildlife Refuge - Marion, Williamson County, IL

ELEVATION : 427 ft amsl (approximate)

DRILLING CONTRACTOR : Terra Dirill, Driller: Joe Brown

DRILLING EQUIPMENT AND METHOD : Hollow Stem Auger "ATV" Drill Rig, 3 1/4" Augers and 5' Macro Samplers

ORIENTATION: Vertical

WATER LEVELS : Not Applicable

START : 10/5/11 08:31 END : 10/5

11 09:21

LOGGER : Carrie Wallestad

SOIL DESCRIPTION

COMMENTS

SOIL NAME, USCS GROUP SYMBOL, COLOR,
MOISTURE CONTENT, RELATIVE DENSITY OR
CONSISTENCY, SOIL STRUCTURE, MINERALOGY

SYMBOLIC LOG

DEPTH OF CASING, DRILLING RATE,
DRILLING FLUID LOSS, TESTS, AND
INSTRUMENTATION

DEPTH BELOW EXISTING GRADE (ft) PID
INTERVAL (ft RESULTS
RECOVERY (ft) (ppm)
#TYPE
35 ]
40 ]
45 7]
50_]
55_]
60 ]
65

33.5' - Sandstone, Gray, Fine Grain Cemented Sands
(High Mica Content)

Driller Note: Hit Refusal at 33.5 bgs




‘ CH2MHILL

PROJECT NUMBER

BORING NUMBER:

423535 SB-150 SHEET 1 OF 2

SOIL BORING LOG

PROJECT : Plume 2 Supplemental Site Characterization Investigation

LOCATION : Crab Orchard National Wildlife Refuge - Marion, Williamson County, IL

ELEVATION : 427.07 ft amsl

DRILLING CONTRACTOR : Terra Dirill, Driller: Joe Brown

DRILLING EQUIPMENT AND METHOD : Hollow Stem Auger "ATV" Drill Rig, 3 1/4" Augers and 5' Macro Samplers

ORIENTATION: Vertical

WATER LEVELS : Not Applicable START : 10/3/11.12:48 END : 10/3/11 14:58 LOGGER : Carrie Wallestad
DEPTH BELOW EXISTING GRADE (ft) PID SOIL DESCRIPTION o COMMENTS
e}
INTERVAL (ft) Rggusl}s 2
RECOVERY (ft (ppm) SOIL NAME, USCS GROUP SYMBOL, COLOR, 8 DEPTH OF CASING, DRILLING RATE,
() MOISTURE CONTENT, RELATIVE DENSITY OR @ DRILLING FLUID LOSS, TESTS, AND
H#TYPE CONSISTENCY, SOIL STRUCTURE, MINERALOGY E INSTRUMENTATION
)
0.0 0.0-1.5' - Lean Clay (CL), Brown (7.5YR 5/3), Moist,
0.0 Dry ’
o:o 1.5-3.0' - Limestone Gravel and Sand (fill), Moist near ]
35 '\Rﬂﬁﬁr;) 0.0 bottome and Dry above
NA 3.0-3.5 - Lean Clay (CL), Brown (7.5YR 5/3), Moist,
NA Firm, Color Mottling i
5 5.0 3.5-5.0' - No Recovery at Surface
5.0-9.0' - Lean Clay (CL), Brown (7.5YR 5/3), Moist,
Firm, Color Mottling E
0.0
0.0 ]
Macro
4.0 0.0
Run 2 0.0 ]
NA
10 10.0 9.0-10.0" - No Recovery at Surface
10.0-11.5' - Lean Clay (CL), Brown (7.5YR 5/3), Moist,
0.0 Firm, Color Mottling -
o:o 11.5-13.0' - Lean Clay (CL), Light Brown (7.5YR 6/3), ]
5.0 '\RASS\’? 0.0 Moist, Stiff, Rounded Sandstone clast about 1" in size
0.0 13.0-15.0'- Lean Clay (CL), Brown (7.5YR 4/4), Moist,
0.0 :
Stiff B
15 15.0
15.0-17.0' - Lean Clay (CL), Brown (7.5R 4/4), Moist, Driller Note: Water @ 15.0'
Stiff B
0.0
0.0
50 |Macro 0.0 17.0-17.5' - Sandy Clay (CL), Yellowish Brown (10YR
Run 4 0.0 5/6), Saturated, Soft, <20% Very Fine Grain Sand
0.0 17.5-18.0' - Lean Clay (CL), Brown (7.5YR 4/4), A
Moist, Stiff /
20_| 200 18.0-19.0' - Clayey Sand (SC), Yellowish Brown -
(10YR 5/6), Saturated, Loose, Sandstone Clast partly i [ !
0.0 rounded up to 1/4" 1t
0.0 19.0-20.0' - Sandy Lean Clay (CL), Light Brownish 11 { [
5.0 I\R/Iacrg 1.7 Gray (10YR 6/2), Moist, Firm, Well Sorted Sand ! | !I
un 5.7 20.0-23.0' - Well-Graded Sand with Silt SW-SM), [}
22 Brown (7.5YR5/6), Saturated, Loose, Fine to Coarse /[ ]
25 25.0 Grain Sands
- 23.0-23.5' - Lean Clay (CL), Yellowish Brown (10YR ]
5/4), Moist I
7.5 23.5-25.0' - Poorly-Graded Sand (SP), Brown (7.5YR o]
14 i 9 D
50 Macro va 3/426h1ll;32|§tirt10$§2turated, Loose, <10% rounded gravel | sample collected @ 14:35
~ |Run6 : b : 4| sample ID: 33-sB150-27
0.6 25.0-26.0' - Well-Graded Sand (SW), Yellowish e :
0.7 Brown (10YR 5/6), Saturated, Loose, Fine to Medium | []]]]
30 30.0 Grain Sand, <5% Sandstone Clast up to 1" in size Ak
26.0-28.5' - Well-Graded Sand (SW), Yellowish HE
Brown (10YR 5/6), Saturated, Loose, Medium to |-
1.5 Coarse Grain Sand, <10% Gravel up to 1/4" in size Y,
Macro 0.0 28.5-31.0' - Silty Sand (SM), Yellowish Brown (10YR -/
40 |Run7 0.0 5/6), Saturated, Firm, Fine Grain Sand, _/
0.0 Poorly-Graded
NA 31.0-34.0 - Fat Clay (CH), Dark Gray (10YR /1), /4
35 35.0 _\Moist, Firm, Trace Gravel up to 1/4" in size /
00 34.0-35.0' - No Recovery at Surface
Macro 0.0 35.0-37.0' - Lean Clay (CL), Dark Gray (10YR 4/1), E
3.0 Run 8 O-O Moist, Firm, Trace Gravel up to 1/4" in size
) V)
38.0 NA 7/




‘ CH2MHILL

PROJECT NUMBER

423535

BORING NUMBER:

SB-150

SHEET 2 OF 2

SOIL BORING LOG

PROJECT : Plume 2 Supplemental Site Characterization Investigation

LOCATION : Crab Orchard National Wildlife Refuge - Marion, Williamson County, IL

ELEVATION : 427.07 ft amsl

DRILLING CONTRACTOR : Terra Dirill, Driller: Joe Brown

DRILLING EQUIPMENT AND METHOD : Hollow Stem Auger "ATV" Drill Rig, 3 1/4" Augers and 5' Macro Samplers

ORIENTATION: Vertical

WATER LEVELS : Not Applicable START : 10/3/11.12:48 END : 10/3/11 14:58 LOGGER : Carrie Wallestad
DEPTH BELOW EXISTING GRADE (ft) PID SOIL DESCRIPTION o® COMMENTS
o)
INTERVAL (ft) Rggusl}s 2
RECOVERY (ft (ppm) SOIL NAME, USCS GROUP SYMBOL, COLOR, 8 DEPTH OF CASING, DRILLING RATE,
() MOISTURE CONTENT, RELATIVE DENSITY OR @ DRILLING FLUID LOSS, TESTS, AND
H#TYPE CONSISTENCY, SOIL STRUCTURE, MINERALOGY E INSTRUMENTATION
)
37.0-38.0' - Fat Clay (CH), Dark Gray (10YR 4/1), Sample collected @ 15:41
. Moist, Firm, Trace Gravel up to 1/4" in size B Sample ID: 33-SB150-38 B
40 38.0' - Sandstone, Gray (10YR 6/1), Fine Grain, . ) i
] Cemented Sands (High Mica Content) ] Driller Note: Hit Refusal at 38.0' bgs ]
45| | |
50_| ] ]
55 | ] ]
60_| ] ]
65_ | ] ]
70_| ] ]
75_ | | |




“ CH2MHILL

PROJECT NUMBER:

423535

BORING NUMBER:

SB-151

SHEET 1 OF 2

SOIL BORING LOG

PROJECT : Plume 2 Supplemental Site Characterization Investigation

LOCATION : Crab Orchard National Wildlife Refuge - Marion, Williamson County, IL

ELEVATION : 427.02 ft amsl

DRILLING CONTRACTOR : Terra Dirill, Driller: Matt Cooper

DRILLING EQUIPMENT AND METHOD : Hollow Stem Auger "ATV" Drill Rig, 3 1/4" Augers and 5' Macro Sampler

WATER LEVELS ! Not Applicable START : 10/3/11 12:48 END : 10/3/11 15:30 LOGGER : Jayson Burkard
DEPTH BELOW EXISTING GRADE () |  g1anDARD SOIL DESCRIPTION o COMMENTS
PENETRATION o
INTERVAL O TEST RESULTS °
RECOVERY (in) SOIL NAME, USCS GROUP SYMBOL, COLOR, 5 DEPTH OF CASING, DRILLING RATE,
MOISTURE CONTENT, RELATIVE DENSITY OR Q DRILLING FLUID LOSS, TESTS, AND
HTYPE 6"-6"-6" CONSISTENCY, SOIL STRUCTURE, MINERALOGY E INSTRUMENTATION
(N) n
0.0 Silty Lean Clay (CL) 0.0
0.0-2.4" - light brown, (10YR 4/3), dry, 0.0-2.4' - Lean 0.1 7]
4 Macro Clay (CL), Brown (10YR 4/3), Dry, Weak, Non Plastic 0.0 i
Run1 Limestone (fill) Within Silty Lean Clay (CL) 0.0 i
4.0 2.4-3.2" - light gray and light brown, (10YR 4/3 and
5 10/YR51), 2.4-3.2' - Limestone (fill) within Lean Clay 0.0 7]
— (CL), Light Gray to Brown (10YR 7/1 to 10YR 4/3) 0.0 —
Macro Silty Lean Clay (CL) 0.0 .
5 Run 2 3.2-4.0" - light brown, (10YR 4/3), some, dry, stiff, 0.0 |
3.2-4.0' - Lean Clay (CL), Light Brown (10YR 4/3), Dry, 0.0
Stiff, Some Color Mottling B
9.0 Silt (ML) i
10_| 4.0-5.7" - light brown and light gray, (10YR 4/3 and 0.0 ]
10/YR51), dry, 4.0-5.7' - Silt (ML), Brown and Light 0.0
5 | Macro Gray (10YR 4/3 and 10YR 7/1), Non Plastic, Weak . 8-8 .
Run 3 Silty Lean Clay (CL) - 0.0 -
5.7-9.0" - yellowish brown, (10YR 5/8), slightly moist to ’ a
14.0 | |dry, firm, 5.7-9.0' - Lean Clay (CL), Yellowish Brown
- (10YR 5/8), Slightly Dry to Moist, Firm 0.0 ]
15_| Silty Lean Clay (CL) Y00 -
9.0-13.0" - light brown to light gray, (10YR 4/3 and 0.0 |
5 | Macro 10/YR51), firm, 9.0-13.0' - Lean Clay (CL), Brown to 0.0
Run 4 Light Gray (10YR 4/3 to 10YR 7/1), Firm, High Silt . 00 .
Content, Black staining @ 13.0' . .
19.0 13.0-14.0" - 13.1-14.0' - Material fell downhole during |
20 recovery 0.1
] Silty Lean Clay (CL) 0.0 ]
5 | Macro 14.0-19.0" - light yellowish brown, (10YR 5/8), slightly | 0.0 .
Run 5 moist, firm, 14.0-19.0' - Lean Clay (CL), Yellowish i 0.0 i
Brown (10YR 5/8), Slightly Moist, Firm, Silt Content 0.0
240 increases with depth 7] 7]
- Silty Lean Clay (CL) 0.0 .
25_| 19.0-24.0" - light yellowish brown, (10YR 5/8), 0.0 ]
19.0-24.0' - Lean Clay (CL), Yellowish Brown (10YR 0.0
5 Macro 5/8), Firm from 19.0-20.0' and Stiff from 20.0-24.0", N 0'0 N
Run 6 Trace 1/2" gravel clast spread throughout run, Fine 4 00 —
G'rain Sand within Lean Clay at 22.3-22.35' 1 .j Collect sample @ 14:10 |
29.0 Silty Lean Clay (CL) ) Sample ID: 33-SB151-27 i
30 24.0-27.0" - light yellowish brown and light gray, (10YR 01
— 5/8 and 10YR 7/1), dry, stiff to hard, 24.0-27.0' - Lean 15 —
Macro Clay (CL), Yellowish Brown and Light Gray (10YR 5/8 3.0 ]
5 Run 7 and 10YR 7/1), Dry, Stiff to Hard 0.0 1
Silty Sand (SM) 0.1
27.0-29.0" - reddish yellow, dry, fine to medium Collect sample @ 14:15 7]
34.0 grained, 27.0-29.0' - Silty Sand (SM), Reddish Yellow Sample ID: 33-SB151-32, |
35 (7.5R 6/8), Dry, Stiff, Fine to Medium Grain Sand 33-SB151-32MS, and
Silty Lean Clay (CL) 33-SB151-32MSD
5 | Macro 29.0-34.0" - light yellowish brown, (10YR 5/8), dry, stiff | 6.3 1
Run 8 to hard, 29.0-34.0' - Lean Clay (CL), Yellowish Brown . 0.5 .
| (10YR 5/8), Dry, Stiff to Hard, Trace Fine to Medium 7 28
390 7| |Grain Sand, Trace 1/2" gravel clast spread throughout - 18.0 T
: run =4 34.1 E
40_ | Silty Lean Clay (CL) __| Collect sample @ 15:40 _
% 34.0-37.5" - light yellowish brown, (10YR 5/8), moist to [ M Sample ID: 33-SB151-38 )
25 | Macro wet, firm to stiff, 34.0-37.5' - Lean Clay (CL), Yellowish [ J1L[4 3.8
Run9 [ {||Brown (10YR 5/8), Moist to Wet, Firm to Stiff, Trace . 0.0 .
gravel clasts spread throughout run ] ]
4439 .J L -




‘ CH2MHILL

PROJECT NUMBER:

423535

BORING NUMBER:

SB-151

SHEET 2 OF 2

SOIL BORING LOG

PROJECT : Plume 2 Supplemental Site Characterization Investigation

LOCATION : Crab Orchard National Wildlife Refuge - Marion, Williamson County, IL

ELEVATION : 427.02 ft amsl

DRILLING CONTRACTOR : Terra Dirill, Driller: Matt Cooper

DRILLING EQUIPMENT AND METHOD : Hollow Stem Auger "ATV" Drill Rig, 3 1/4" Augers and 5' Macro Sampler

WATER LEVELS ! Not Applicable

START : 10/3/11 12:48 END : 10/3/11

5:30 LOGGER : Jayson Burkard

DEPTH BELOW EXISTING GRADE ()
INTERVAL ()

RECOVERY (in)

STANDARD
PENETRATION
TEST RESULTS

SOIL DESCRIPTION

COMMENTS

#TYPE

6'-6"6"
(N)

SOIL NAME, USCS GROUP SYMBOL, COLOR,
MOISTURE CONTENT, RELATIVE DENSITY OR
CONSISTENCY, SOIL STRUCTURE, MINERALOGY

SYMBOLIC LOG

DEPTH OF CASING, DRILLING RATE,
DRILLING FLUID LOSS, TESTS, AND
INSTRUMENTATION

Macro

Run 1ng

5] 0.3

60_|

80_|

Silty Sand (SM)

37.5-38.0" - light brown, (10YR 4/3), slightly moist, firm
to stiff, 37.5-38.0" - Silty Sand (SM), Brown (10YR 4/3),
Slightly Moist, Firm to Stiff

Sand (SP)

38.0-39.0" - light brown to light gray, (10YR 4/3 to
10YR 7/1), moist to wet, loose, fine to medium grained,
38.0-40.0' - Sand (SP), Brown to Light Gray (10YR 4/3
to 10YR 7/1), Moist to Wet, Loose, Wet to Saturated
rom 39.0-40.0'

Sand And Gravel (SW)

40.0-40.5" - light yellowish brown to medium gray,
(10YR 4/3 to 10YR 7/1), wet to saturated, medium to
coarse grained, 40.0-40.5' - Sand and Gravel (SW),
Yellowish Brown to Gray (10YR 5/8 to 10YR 5/1), Wet [
o0 Saturated, Medium to Coarse Grain Sand i

Silty Sand (SM)

40.5-41.5" - light to medium gray, (10YR 7/1 to 10YR
5/1), moist to wet, very fine grained, 40.5-41.5' - Silty —
Sand (SM), Light Gray to Gray (10YR 7/1 to 10YR 5/1), |
Moist to Wet, Very Fine Grain Sand

41.5-44.0' No Recovery at Surface' - 41.5-44.0' - No
Recovery at Surface ]

Sandstone E
44.0-44.3" - light gray to medium gray, (10YR 7/1 to

10YR 5/1), moist, 44.0-44.3' - Weathered Sandstone,
Light Gray (10YR 7/1), Moist, Fine to Medium Grain ]

\Weakly Cemented Sand —]

Bottom of Boring at 44.3 ft bgs on 10/3/11 15:30

Driller Note: Hit Refusal at 44.3 bgs 71
0.0




Appendix B
Groundwater Development and Sampling Forms




PROJECT NUMBER WELL NUMBER

‘ CH2ZMNMNIHILL | 423535.02.l 33-341 SHEET1 OF 1
L

WELL DEVELOPMENT FORM

PROJECT: Crab Orchard Plume 2 Investigation
PERSONNEL: Jessica Hoffman / Glynn Roberts

EQUIPMENT: YSI 556X, water level indicator, 1.5" Bailer

START : 9/20/2011 13:55

END: 9/20/2011 16:04

START WATER LEVELS: 9.43 ft btoc

WELL DEPTH: 13.5 ft btoc

WELL VOLUME: 0.65 gal

MAXIMUM DRAWDOWN DURING DEVELOPMENT: 135 ft
TOTAL QUANTITY OF WATER DISCHARGED: 6.5 gal

Field crew will attempt to remove at least three well volumes during development (Calculate well volume before starting development!)

Development will be continued until pH, temperature, and specific conductance, and turbidity stabilize within 10% over 3 readings or until 10 well
volumes have been purged.

Water Volume Water Specific
Discharged Level Temperature | Conductivity | Turbidity Remarks
Date Time (gal) (ft BTOC) pH Q) (mS/cm) (NTU) (color, odor, sheen, sediment, etc.)
Stabilization Criteria: +10% +10% +10% <50 NTU

09/20/11 | 14:00 | 15 | 1350 7.23 20.33 0.333 > 1000 Brown, Silty
Well Dry, Allow Time for Recharge

09/20/11 | 14:15 | 20 | 1242 6.69 19.17 0.456 > 1000 Brown, Silty
Well Dry, Allow Time for Recharge

09/20/11 | 14:30 2.4 11.58 6.56 19.39 0.477 > 1000 Brown, Silty

09/20/11 | 14:45 2.7 12.72 6.55 19.29 0.463 > 1000 Brown, Silty
Well Dry, Allow Time for Recharge

09/20/11 | 15:50 4.2 9.70 6.75 18.37 0.490 > 1000 Brown, Silty

09/20/11 | 15:55 5.0 12.92 6.51 17.97 0.505 > 1000 Brown, Silty

09/20/11 | 15:58 55 12.80 6.61 19.96 0.457 > 1000 Brown, Silty

09/20/11 | 16:01 6.0 12.91 6.58 20.01 0.459 > 1000 Brown, Silty

09/20/11 | 16:04 6.5 12.96 6.56 19.92 0.465 > 1000 Brown, Silty

10 Well Volumes Removed, Well Development Complete

Comments:




PROJECT NUMBER WELL NUMBER

‘ CH2IVIHILL 423535.02.SI 33-342 SHEET1 OF 1
e

WELL DEVELOPMENT FORM

PROJECT: Crab Orchard Plume 2 Investigation
PERSONNEL: Jessica Hoffman / Glynn Roberts

EQUIPMENT: YSI 556X, water level indicator, 1.5" Bailer

START : 9/20/2011 15:10

END: 9/20/2011 15:40

START WATER LEVELS: 16.3 ft btoc

WELL DEPTH: 24.0 ft btoc

WELL VOLUME: 1.25 gal

MAXIMUM DRAWDOWN DURING DEVELOPMENT: 225 ft
TOTAL QUANTITY OF WATER DISCHARGED: 12.75 gal

Field crew will attempt to remove at least three well volumes during development (Calculate well volume before starting development!)
Development will be continued until pH, temperature, and specific conductance, and turbidity stabilize within 10% over 3 readings or until 10 well
volumes have been purged.

Water Volume Water Specific
Discharged Level Temperature | Conductivity | Turbidity Remarks
Date Time (gal) (ft BTOC) pH Q) (mS/cm) (NTU) (color, odor, sheen, sediment, etc.)
Stabilization Criteria: +10% +10% +10% <50 NTU

09/20/11 15:15 1.25 22.41 7.25 15.81 1.281 > 1000 Grey
09/20/11 | 15:18 2.75 22.50 7.18 15.06 1.476 > 1000 Lighter Grey
09/20/11 | 15:21 3.25 -- 6.95 14.74 1.544 > 1000 Light Brown
09/20/11 | 15:24 5.00 -- 7.25 14.67 1.632 > 1000 Light Brown, Silty
09/20/11 | 15:26 6.50 22.38 7.36 14.68 1.634 > 1000 Light Brown, Silty
09/20/11 | 15:29 8.00 22.50 7.29 14.81 1.643 > 1000 Light Brown, Silty
09/20/11 | 15:32 9.25 22.50 7.23 14.45 1.675 > 1000 Light Brown, Silty
09/20/11 | 15:35 10.50 22.50 7.15 14.30 1.680 > 1000 Light Brown, Silty
09/20/11 | 15:38 12.00 22.50 7.11 14.59 1.688 > 1000 Light Brown, Silty
09/20/11 | 15:40 12.75 22.50 7.16 14.42 1.681 926 Light Brown, Silty

10 Well Volumes Removed, Development Complete

Comments:




GROUNDWATER SAMPLING DATA SHEET WELL ID:

@ cHZMHILL

33-341

Project Name: Crab Orchard Plume 2 Purge Method: Low Flow Well Depth: 17.86 ft btoc

Project Number:  423535.02.SI Tubing Materials: Polyethylene Screened Interval: 13.0 - 18.0 ft btoc

Start Date: 9/22/2011 Equipment: Bladder Pump, Turbidimeter, Pump/Tubing Intake: 15.5 ft btoc

Start Time: 14:02 WLI, YSI w/flow through cell Start Water Level: 6.06 ft btoc

End Time: 14:50 Sampling Team: J. Hoffman / G. Roberts Well Diameter: 2.0 in

Weather: Cloudy ~ 65°F

WELL STABILIZATION DATA
COND. Temp. ORP D.O. Turbidity Water level (ft| Pumping rate Volume
Time pH (mS/cm) (°C) (mV) (mgi/L) (NTU) btoc) (mL/min) Removed Notes
Requirements +/-0.1 +/-3% +/-3% +/-10mV |<0.50r +/-10%| <5 or +/ - 10% <0.3ft <500 mL/min (Gal)
14:00 7.86 0.610 19.34 -179.5 11.02 47.0 6.60 200 0.00 Clear
14:05 6.85 0.670 19.24 -64.0 3.94 51.0 7.60 150 0.125 Clear
14:10 6.71 6.585 19.18 -66.7 3.76 45.0 8.58 150 0.45 Clear
14:15 6.67 0.587 19.22 -61.9 3.52 31.0 9.32 150 0.60 Clear
14:20 6.61 0.548 19.16 -48.5 3.48 18.0 9.69 150 0.75 Clear
14:25 6.58 0.539 19.16 -40.4 3.46 18.0 10.15 150 1.00 Clear
14:30 6.55 0.522 19.20 -39.5 3.41 15.0 10.90 150 1.25 Clear
14:35 6.54 0.516 19.19 -36.0 3.39 10.0 11.42 150 1.50 Clear
14:40 6.53 0.510 19.19 -37.0 3.38 10.0 11.86 150 1.75 Clear
14:45 6.51 0.509 19.18 -37.8 3.30 10.0 11.95 150 2.00 Clear
14:50 6.50 0.508 19.18 -37.0 3.28 10.0 12.00 150 2.25 Clear
SAMPLE INFORMATION

Sample ID: GW-33-341-092211 Laboratoy TestAmerica - Chicago

Collection Date: ~ 9/22/2011 Shipment Method: FedEx

Collection Time:  15:00

Laboratory Analyses:  VOCs, Dissolved Gases, TOC, TIC, Selected Metals (Iron and Manganese), Alkalinity, Chloride, Sulfate, Nitrite+Nitrate, Nitrate

Field Analyses: Dissolved Iron (Iron Il) = 1.2 mg/L CO, = 60 drops x 2.0 = 120.0 mg/L

Remarks None

! sampling standards adapted from USEPA Groundwater Sampling Guidelines for Superfund and RCRA Project Managers, 2002

Page 1of 1



@ cHz2MHILL GROUNDWATER SAMPLING DATA SHEET WELL ID: 33-342
-

Project Name: Crab Orchard Plume 2 Purge Method: Low Flow Well Depth: 23.8 ft bgs

Project Number:  423535.02.SI Tubing Materials: Polyethylene Screened Interval: 19.0 - 24.0 ft bgs

Start Date: 9/22/2011 Equipment: Bladder Pump, Turbidimeter, Pump/Tubing Intake: 21.3 ft bgs

Start Time: 15:25 WLI, YSI w/flow through cell Start Water Level: 16.53 ft btoc

End Time: 16:25 Sampling Team: G. Roberts Well Diameter: 2.0 in

Weather: Cloudy ~ 75°F

WELL STABILIZATION DATA
COND. Temp. ORP D.O. Turbidity Water level (ft| Pumping rate Volume
Time pH (mS/cm) (°C) (mV) (mgi/L) (NTU) btoc) (mL/min) Removed Notes
Requirements +/-0.1 +/-3% +/-3% +/-10mV |<0.5or +/-10% | <5 or +/ - 10% <0.3ft <500 mL/min (Gal)
15:30 7.13 1.703 16.32 -12.2 11.19 197 16.94 100 0.00 Slightly Turbid
15:35 7.05 1.731 15.89 -33.0 5.25 78.0 16.93 100 0.125 Slightly Turbid
15:40 7.10 1.728 15.78 -31.4 4.58 45.0 16.94 100 0.50 Clear
15:45 7.14 1.719 15.66 -31.8 4.19 35.0 16.96 100 0.75 Clear
15:55 7.17 1.712 15.61 -32.9 3.69 24.0 16.96 100 1.00 Clear
16:05 7.20 1.713 15.63 -36.4 3.18 15.0 16.96 100 1.50 Clear
16:10 7.23 1.711 15.62 -37.2 3.14 12.0 16.96 100 1.75 Clear
16:15 7.25 1.710 15.63 -39.1 3.08 12.0 16.96 100 2.00 Clear
16:20 7.27 1.712 15.62 -39.5 3.05 11.0 16.96 100 2.25 Clear
SAMPLE INFORMATION

Sample ID: GW-33-342 Laboratoy TestAmerica - Chicago

Collection Date: ~ 9/22/2011 Shipment Method: FedEx

Collection Time:  16:25

Laboratory Analyses:  VOCs, Dissolved Gases, TOC, TIC, Selected Metals (Iron and Manganese), Alkalinity, Chloride, Sulfate, Nitrite+Nitrate, Nitrate
Field Analyses: Dissolved Iron (Iron Il) = 0.4 mg/L CO, = 24 drops x 2.0 = 48 mg/L
Remarks None
! sampling standards adapted from USEPA Groundwater Sampling Guidelines for Superfund and RCRA Project Managers, 2002 Page 1 of




@ cHz2MHILL GROUNDWATER SAMPLING DATA SHEET WELL ID: 33MWC-01
-

Project Name: Crab Orchard Plume 2 Purge Method: Low Flow Well Depth: 21.8 ft bgs

Project Number:  423535.02.SI Tubing Materials: Polyethylene Screened Interval: 7.0 - 22.0 ft bgs

Start Date: 9/21/2011 Equipment: Bladder Pump, Turbidimeter, Pump/Tubing Intake: 21.0 ft bgs

Start Time: 8:10 WLI, YSI w/flow through cell Start Water Level: 17.05 ft btoc

End Time: 9:56 Sampling Team: G. Roberts Well Diameter: 2.0 in

Weather: Sunny ~ 70°F

WELL STABILIZATION DATA
COND. Temp. ORP D.O. Turbidity Water level (ft| Pumping rate Volume
Time pH (mS/cm) (°C) (mV) (mgi/L) (NTU) btoc) (mL/min) Removed Notes
Requirements +/-0.1 +/-3% +/-3% +/-10mV |<0.5or +/-10% | <5 or +/ - 10% <0.3ft <500 mL/min (Gal)
8:20 6.74 0.635 16.64 214.9 10.20 > 1000 17.30 100 0.00 Tan, Turbid
8:25 6.73 0.631 16.35 118.3 7.88 > 1000 17.46 200 0.125 Tan, Turbid
8:30 6.71 0.625 16.28 92.8 7.49 > 1000 17.72 100 0.35 Tan, Turbid
8:35 6.69 0.620 16.22 83.7 6.95 > 1000 17.92 100 0.50 Tan, Turbid
8:50 6.65 0.613 16.21 74.1 6.51 999.0 18.33 100 0.75 Tan, Turbid
9:00 6.67 0.611 16.29 66.2 6.31 150.0 18.60 100 1.00 Slightly Turbiid
9:15 6.73 0.612 16.45 53.2 5.98 135.0 19.00 100 1.25 Slightly Turbiid
9:25 6.78 0.612 16.51 44.0 5.55 106.0 19.22 100 1.50 Slightly Turbiid
9:35 6.82 0.614 16.58 38.2 5.22 98.0 19.33 100 1.75 Slightly Turbiid
9:45 6.89 0.617 16.75 25.9 4.54 68.0 19.58 100 2.00 Clear
9:50 6.90 0.617 16.76 23.5 4.43 57.0 19.60 100 2.125 Clear
9:53 6.90 0.618 16.78 16.6 4.34 52.0 19.64 100 2.25 Clear
9:56 6.91 0.618 16.80 17.2 4.32 50.0 19.66 100 2.40 Clear
SAMPLE INFORMATION

Sample ID: GW-33MWC-01-092111 Laboratoy TestAmerica - Chicago

Collection Date: ~ 9/21/2011 Shipment Method: FedEx

Collection Time:  10:00

Laboratory Analyses:  VOCs, Dissolved Gases, TOC, TIC, Selected Metals (Iron and Manganese), Alkalinity, Chloride, Sulfate, Nitrite+Nitrate, Nitrate
Field Analyses: Dissolved Iron (Iron Il) = 0.1 mg/L CO, = 27 drops x 2.00 = 54 mg/L
Remarks None
! sampling standards adapted from USEPA Groundwater Sampling Guidelines for Superfund and RCRA Project Managers, 2002 Page 1of 1



@ cHz2MHILL GROUNDWATER SAMPLING DATA SHEET WELL ID: 33MWC-02
-

Project Name: Crab Orchard Plume 2 Purge Method: Low Flow Well Depth: 21.7 ft bgs

Project Number:  423535.02.SI Tubing Materials: Polyethylene Screened Interval: 7.0 - 22.0 ft bgs

Start Date: